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A B S T R A C T
In order to investigate the unusual oxidation properties of a mescr 
substituted porphyrin, tetrakis(3, 5-di-tert-butylhydroxyphenyl)- 
porphyrin (HaT^BHPP), X-ray crystallography and computer modelling 
have been used. The crystal structure of a number of complexes of 
T*-BHPP (Pd(II), Zn(II), Ni(II), Fe(III)Cl and H , its oxidation 
product, HzPDM, and (HzCDZnTPP have been determined. The Pd(II) and 
Zn(II) complexes have unusual structures, with approximately 28 
cyclohexane solvent molecules per unit cell very loosely bound 
within the lattice. The Ni(II) complex has the most extensively 
ruffled core reported for a metalloporphyrin, with a short Ni-N 
bond distance 1.913(3)A. The crystal structures of HzPDM.6 H2 G and 
[HaT^BHPP]z *[Zn(CFsCOO)^]2“ . 6 H2 O show interesting clathrate-like 
structures with extensive intermolecular hydrogen-banding. The 
oxidised porphyrin, Hs>PDM, has a tetraquinone structure in the 
solid state which contrasts with the proposed diquinone/diphenol 
structure found in solution. Molecular Mechanics and Molecular 
Orbital calculations were used to investigate both geometric and 
electronic structures of the porphyrins and their oxidised 
counterparts. Due to the size and complexity of these calculations 
and the lack of experimental data these methods were not as useful 
as anticipated. The difference in behaviour of various metallo 
complexes of T^-BHPP to oxidation is attributed to electronic 
effects rather than the geometric structures of the 
metalloporphyrins.
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1.1 General Introduction
This thesis describes results of X-ray crystallographic work 
that has been carried out on the porphyrin, tetrakis<3,5-di-tert- 
butyl-4-hydroxyphenyl)porphyrin (HzT^BHPP), it's metallo complexes 
and their oxidation products. The chemistry of these has recently 
been investigated by three groups. Traylor et al. (Traylor, Nolan & 
Hildreth, 1983, Traylor et al., 1984) investigated this porphyrin 
and metallo- derivatives as chemical models for the peroxidase 
enzymes. They found that the oxidised zinc(II) complex mimics the 
chemical behaviour of Compound I (see Section 1.2) and is rapidly 
and quantitatively reduced by substrates such as cyclohexadiene and 
p-cresol. Nolan has also reported (Nolan, 1986) the formation in 
solution of the thiolatoiron(III) complex (SCHsCOzMe^Fe (III )- 
T^BHPP which shows hyperporphyrin spectra similar to those of the 
thiolate complexes of iron(III)-cytochrome P-450. Milgrom (Milgrom, 
1983a) has investigated the unique redox properties of phenolic 
porphyrin complexes and has pointed out their possible applications 
in solar-energy conversion. He has also reported the preparation 
and oxidation properties of H^T^BHPP (Milgrom, 1983b) and several 
metallo-derivatives, e.g. V(IV)=0, Mn(III), Cu(II), Sn(IV), Pd(II), 
Pt(II), Ni(II), Zn(II), Co(II) (Milgrom, Jones & Harriman, 1988) as 
well as the ’H and 13C NMR spectra of the platinum(II) complex 
(Milgrom 1985a).
The third group, Ozawa & Hanaki have studied aspects of 
HzT^BHPP oxidation by organic substrates and the superoxide ion 
along with subsequent reduction (Ozawa & Hanaki, 1985, 1986). They 
have also reported some metallo-derivatives, e.g. Fe(III), Co(II)
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and Cu(II) (Ozawa & Hanaki, 1987) and noted that the manganese(II) 
ion (as HnCl2 -2H2 0) is not incorporated in the porphyrin but 
oxidises it to the oxidised porphyrin HaPDM (PDM = dianion of 5,15- 
d i - (3,5-di-tert-butyl-4-hydroxyphenyl)-10,20-di-(3, 5-di-tert-butyl- 
4-quinomethane)porpho-10,20-dimethene, see later). It was post­
ulated that the Mn(II) ion was too large to fit into the porphyrin 
ring and that it is oxidised by 0s> to the Mn(III) ion which then 
oxidises HzT^BHPP to the oxidised porphyrin, HsPDM, as opposed to 
being inserted. Milgrom however (Milgrom, Jones & Harriman, 1988) 
appears to have had no difficulty inserting Mn(III) into HzT^BHPP.
In view of the importance of the oxidation products as enzyme 
models and the interesting behaviour shown by some of the metallo- 
porphyrins towards aerial oxidation it was decided that X-ray 
crystallographic investigations were warranted. Despite the 
interest in the above compounds no structural investigations had 
previously been carried out. X-ray crystallography was chosen as 
the investigative technique since it provides a definitive 
structure, albeit for the solid state. Spectroscopic studies have 
been used to elucidate the structures of some of the parent 
complexes in solution and further details are given in Section 1.3. 
Previous attempts to elucidate the structure of the oxidized 
porphyrin HzPDM, (Traylor, Nolan & Hildreth, 1984) and 
Z n d D T ^ B H P P  (Golder, 1984) failed, in the former case due to very 
weak diffraction, even at low temperature and in the latter case 
due to crystallographic problems. These have now been resolved and 
are reported in Chapter 2.
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The aim of the crystallographic study was twofold; firstly to 
confirm the proposed structure of HzPDM and secondly to try to 
explain the difference in behaviour of the metallo derivatives of 
T^BHPP (Milgrom, Jones & Harriman, 1988) towards aerial oxidation. 
The presence of eight tert-butyl groups meant that crystallisation 
was a major problem, particularly of the oxidized forms. Some 
interesting and difficult crystallographic problems have also been 
encountered and overcome, and some unexpected results obtained. 
The crystal structures of the iron(III) chloride, palladium(II), 
zinc(II), nickel(II), Hz (the parent porphyrin) and the acid 
conjugate (H*2'4') complexes of T^BHPP, as well as that of the 
oxidised porphyrin HzPDM are reported herein. The structure of 
(HzO)Zn(IDTPP (Glick, Cohen & Hoard, 1967) has also been re­
investigated as it is pertinent to our discussion and is reported 
here.
1.2 Haemoproteins
Haemoproteins constitute a large and important class of 
biological catalysts for the transport and reduction of dioxygen or 
one of its partially reduced forms (HzOz, 0 z“ , ROOH). These 
catalysts are all based on similar iron-porphyrin complexes, 
usually with a bound histidine as the fifth, axial ligand. 
Variations in the protein environment allow the apparently common 
catalytic centre to carry out a wide range of biochemical 
processes. For example haemoglobin, myoglobin and several other 
haem proteins exist in the iron(II) state and reversibly bind 
dioxygen without the oxidation of iron(II) to iron(III). The oxid­
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ase and peroxidase enzymes however exist as iron(III) complexes, 
have iron(II) forms which are unstable towards oxidation by di­
oxygen, and generally perform the function of reducing dioxygen and 
hydroperoxides to water or an equivalent organic compound such as 
an alcohol or epoxide. Examples of this class are catalase, horse­
radish peroxidase (HEP), cytochrome c peroxidase, cytochrome P-450 
and cytochrome oxidase.
Cytochrome P-450 and HRP differ in the nature of the fifth 
ligand which in the former is a cysteine residue and in the latter 
is a histidine residue. The enzymes also differ in their mode of 
action, HRP has been shown (Hewson & Hager, 1979) to accomplish 
hydroperoxide reduction through two distinctly separate one- 
electron substrate oxidations; viz.,
Native enzyme + H2 Q2  => Compound I
Compound I + AHs =) Compound II + AH
Compound II + AHz =) Native enzyme + AH
(AHs>=reducing substrate)
Cytochrome P-450 on the other hand inserts an oxygen atom into 
a substrate in what has been assumed to be a single two-electron 
reduction or a slow formation of a caged radical pair which col­
lapses without diffusion.
1.2.1 Peroxidases
The peroxidases are a group of enzymes which catalyse the 
oxidation of numerous organic and inorganic compounds by hydrogen
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peroxide or other peroxides of the ROOH type. They occur widely in 
the plant and animal kingdom and a plausible hypothesis concerning 
all peroxidases is that they were first used by primordial 
organisms in their defence mechanism against oxidation by toxic 
oxygen compounds and that later, once survival from oxidation was 
firmly established, more specialised functions evolved (Dunford, 
1982).
CH3 CH
HOOCCH2CH2"N\
Figure 1.1 Ferriprotoporphyrin II
Most peroxidases contain ferriprotoporphyrin IX (Figure 1.1) 
or a related iron porphyrin as the prosthetic group. In the 
reaction with hydrogen peroxide the 0 — 0  bond is cleaved and 
produces an enzymic intermediate two electron equivalents more 
oxidized than the ferriheme resting state. This green coloured 
intermediate, called Compound I is responsible for the oxidation of 
a variety of substrates ranging from simple inorganic ions to 
complex high molecular weight organic species;
HRP + H2 02     HRP-1 -------------- HRP-11   HRP
green red
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The reduction of Compound I (eg HRP-I above) occurs by two 
successive one electron steps, the first of which produces a red 
coloured intermediate called Compound II. Recent evidence based on 
visible (Dolphin et al., 1971), MMR (La Mar & De Ropp, 1980) and 
EMDOR (Roberts et al., 1981) spectroscopic studies suggests that in 
Compound I one oxidation equivalent is located on a porphyrin n- 
cation radical and the other on an oxyferryl, Fe(IV)=Q, (S=l spin 
state) group. The cation radical is reduced by the substrate in 
the formation of Compound II. Compound II has been identified as 
an iron(IV) porphyrin based on Mossbauer (Maeda & Morita, 1967, 
Moss, Ehrenberg & Bearden, 1969), magnetic susceptibility 
(Ehrenberg, 1962) and electron paramagnetic resonace studies 
(Blumberg et al., 1968). The most convincing evidence for the
structure is based on X-ray absorption spectroscopy which confirms 
the presence of oxyferryl groups in both Compounds I and II (Chance 
et al., 1984).
Oxidised iron porphyrins of the type mentioned seem to be 
produced as intermediates in many haemo protein reactions and these 
carry out a variety of oxidation processes. A better understanding 
of the structure and function of such intermediates is the aim of 
much current research (Traylor, Lee St Stynes, 1984 and references 
therein). Derivatives of HaT^BHPP are being investigated as models 
of these intermediates.
1.3 Electron Rich Porphyrins with some Interesting Properties
The porphyrins discussed here are electron rich in basic 
solution and tautomerism exists between the external phenolate
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groups and the internal nitrogen atoms. Hydroxyporphyrin (Figure 
1 .2 ) is one of the simplest forms of such a porphyrin.
OH OH
HO
OH 0
Figure 1.2 Tautomers of hydroxyporphyrin.
It should be noted that the aromaticity of the porphyrin ring 
is destroyed and this has a large effect on the spectroscopic pro­
perties of such tautomers (see later). Traylor et al. (1984) have 
noted that this type of polyvalent system has three possibly 
interesting and useful properties;
a) The tautomerism described above makes possible the formation 
of neutral complexes of highly charged metals,
b) The two ionizable substituents have the kind of resonance 
relationship found in hydroquinone and the substituted porphyrin 
might be expected to be easily oxidized to 1 quinone-like1 
structures (Figure 1.3). Both (i) and (ii) (Figure 1.3) have been 
prepared (Clezy, 1978, Fischer & Stern, 1940) and (ii) has been 
shown to exist in the tetraketo tautomer (iii) (Inhoffen, Fuhrop & 
Von der Haar, 1966).
c) The third, and potentially most interesting aspect is the
possibility of altering the oxidizing or reducing power of both the 
porphyrin and it's metal complexes by changing the acidity of the
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HO
OH 0
;0
Cl) (ii) (iii)
Figure 1.3 Two-electron oxidation of hydroxyporphyrin (i) 
to a quinone-like structure Cii), shown to exist 
in the tetraketo tautomer (iii) (see text).
medium. Sano et al. (1981) have shown that the iron(III) complex 
of hydroxyporphyrin is reduced to iron(II) (and perhaps iron(I)) by 
making the solution basic (Figure 1.4). Alternatively at high 
acidity the oxidized porphyrin complexes have the potential of 
becoming oxygen transfer reagents (Figure 1.5).
Figure 1.4 Reduction of Iron(III)hydroxyporphyrin in basic solution
This variation in properties from very basic to very acidic 
media might afford strongly reducing or strongly oxidizing metal 
complexes.
■0*
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Figure 1.5 Effect of acid addition on iron(III)- 
quinone-like structure
Mono-, di-, tri- and tetrahydroxyporphyrins and amino- 
porphyrins have been studied in detail (Clezy, 1978) in relation to 
haem degradation, but these have a tendency to ring open, 
especially in the oxidized forms (Clezy, 1978, Fischer & Stern, 
1940, Inhofen, Fuhrop & Von der Haar, 1966 and Sano et al., 1981).
The use of the porphyrin T^BHPP (abbreviation first used by 
Ozawa & Hanaki, 1985) was to try to overcome these problems. 
Porphyrin radicals obviously play an integral part in peroxidase 
enzymes (Section 1.2). Sufficient stability of radical species has 
been accomplished by incorporation of o,o'-di-tert-butylphenolic 
groups into porphyrins, thus making use of the steric protection 
afforded by the bulky alkyl substituents that so effectively 
stabilise species such as the tri-tert-butylphenoxyl radical 
species (Ingold, 1973). The presence of the weakly acidic phenolic 
groups in T^BHPP provides an added attraction since deprotonation 
and charge delocalization could lead to electron-rich porphyrin m- 
systems (Scheme 1.1) which may possess interesting internal redox 
properties as indicated above.
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Scheme 1.1
1.3.1 Literature on H^T^BHPP and it's metallo complexes.
The preparation of HaT^BHPP (Shroyer et al., 1980) and it's 
ability to undergo facile aerial oxidation to form a stable 
oxidation product has been reported (Melezhik & Pokhodenko, 1982, 
Traylor, Nolan & Hildreth, 1983, Milgrom, 1983b and Ozawa & Hanaki, 
1985). T^BHPP represents the first facile, non-photosensitized 
oxidation of a porphyrin by molecular dioxygen, in which the
macrocycle framework of the molecule survives. This is in contrast
to photosensitized oxidation of most porphyrins by singlet dioxygen 
which generally leads to the destruction of the macrocycle 
<Milgrom, 1983b & references therein). Metalloporphyrins and di­
anions are more susceptible to photooxidation than the free-base
porphyrins except when the molecule contains unsaturated photo-
labile side-chains e.g. protoporphyrin IX. In the absence of light, 
however, porphyrins are stable to oxygen.
Like all porphyrins, metal complexes of HzT^BHPP are readily 
prepared and the properties of a number of these have been reported 
(Table 1.1).
Metal Reference
Fe(III)Cl Traylor, Nolan & Hildreth, 1983 
Traylor, Nolan, Hildreth & Evans, 1984 
Ozawa & Hanaki, 1986, 1987 
Milgrom, Jones 8i Harriman, 1988 
Nolan, 1986
Traylor, Nolan & Hildreth, 1983 
Melezhik 8s Pokhodenko, 1982 
Milgrom, 1985a
Milgrom, Jones & Harriman, 1988 
Golder et al., 1988c 
Milgrom, 1985a
Milgrom, Jones & Harriman, 1988 
Golder et al., 1987, 1988c 
Ozawa & Hanaki, 1986, 1987 
Milgrom, Jones 8s Harriman, 1988 
Milgrom, Jones & Harriman, 1988 
Milgrom, Jones 8s Harriman, 1988 
Milgrom, Jones 8s Harriman, 1988 
Usawa & Hanaki, 1986, 1987 
Milgrom, Jones 8s Harriman, 1988 
Golder et al., 1988a
Fe (IIDthiolate 
Zn(II)
Pt(II)
Pd(II)
Cu(II)
Sn(IV) 
V(IV)=0 
Mn(III) 
C o (II)
Ni (II)
Table 1.1 Metallo Complexes of T^ -BHPP Reported in the Literature
Some of these complexes will be discussed in detail in 
specific chapters where the crystal structure has been solved as 
part of this work. The spectroscopic properties of HzT^BHPP, in 
dichloromethane (Traylor, Nolan 8s Hildreth, 1983, Milgrom, 1983b), 
are similar to other free-base porphyrins, such as TPP and TTP (cf 
UV/Vis, Buchler, 1975, NMR, Scheer & Katz, 1975 and MS, Smith, 
1975) and do not warrant further comment. Spectroscopic properties 
(Table 1.1) of metallo complexes are likewise as expected and 
comparable with other metalloporphyrin systems (Dolphin, 1978).
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1.3.2 Oxidation of HzT^BHPP and metallo complexes.
HaT^BHPP has been oxidized reversibly by a variety of methods 
(Scheme 1.2). Previous structures for H^PDM were proposed on the 
basis of TJV/Vis, ESP, IR, M R  and FABMS spectroscopic invest­
igations (Table 1.2). The results of these investigations however 
are inconclusive and the proposed structures are speculative. 
Because of this uncertainty and in view of the novelty and 
importance of the oxidation product the determination of its 
structure by X-ray crystallography seemed highly desirable (Chapter 
5).
OH
Bu
BuBu
O
Bu
Bu1
OH
;Bu
*Bu*Bu
OHHO
i*Bu
OH
i) M n ( I I ) / 0 2  (Ozawa & Hanaki, 1986); Mn ( 1 1 ) / D M F  (Ozawa & Hanaki, 1987); 
O z - (Ozawa & Hanaki, 1985); Fer r i c y a n i d e  (Melezhik & Pokhodenko, 1982); 
Bt-CPBA/Hm- (Traylor, Nolan & Hildreth, 1983); Methanolic KGH then H + 
(Milgrom, 1983b)
ii) Ascorbic acid (Ozawa & Hanaki, 1986); LiAlH* (Milgrom, 1983b);
N a 2 S 2Q* <«q > or S n C U  (Traylor, Nolan & Hildreth, 1983)
Scheme 1.2
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Visible/UV Melezhik & Pokhodenko, 1982 
Traylor, Nolan & Hildreth, 1983 
Milgrom, 1983b 
Ozawa & Hanaki, 1985 
Traylor, Nolan & Hildreth, 1983 
Ozawa & Hanaki, 1985, 1986 
Heesom, 1987
Traylor, Nolan & Hildreth, 1983 
Milgrom, 1983b 
Ozawa & Hanaki, 1986 
Traylor, Nolan & Hildreth, 1984 
Milgrom, 1983b
Traylor, Nolan & Hildreth, 1983
IR
'HNMR
Mass Spec.
ESR
Table 1.2 Spectroscopic data on Hz^BHPP reported in the literature
The oxidation occurs via a green intermediate (Scheme 1.1) 
which, although stable in the absence of air, rapidly turns blue in 
the presence of air (Milgrom, 1983b). Neutralisation of this blue 
product did not reform the original porphyrin but resulted in 
H2 PDM, a two electron oxidation product of HzT^BHPP being formed.
HaPDM has a very unusual visible spectrum for a porphyrin and 
consists of a band which is much broader and much less intense than 
is normally observed in porphyrin Soret regions.
Metal complexes of HzT^BHPP, in dichloromethane, have UV/Vis 
spectra similar to the analogous TPP complexes (Dolphin, 1978). 
Addition of base (Bu a N^OH- ) produces drastic colour and 
spectroscopic changes (Milgrom, Jones & Harriman, 1988). Acid­
ification of these basified solutions, with trifluoroacetic acid 
produces two different results;
a) regeneration of the metalloporphyrin spectrum to a greater 
(V(IV)=0, Mn(III), Cu(II), Pd(II), Pt(II), and Sn(IV)) or lesser
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(Mi(II)) degree, Milgrom et al. (Milgrom, Jones & Harriman, 1988) 
refers to this as Class A behaviour, or
b) no regeneration of the metalloporphyrin spectrum (H2 , Zn(II), 
Fe(III), and Co(II), which is referred to as Class B behaviour. 
Class B behaviour corresponds to oxidation of the macrocycle, and 
leads to the formation of M-PDM.
Milgrom et al. (Milgrom, Jones & Harriman, 1988) have given a 
more detailed discussion of the behaviour of the various metallo 
complexes and key points of this discussion will be referred to in 
individual chapters.
1.4 Crystal Mounting Techniques
Air-stable crystals are conveniently mounted with araldite on 
fine glass fibres. However many crystals are air sensitive, either 
due to reactions with air or via the loss of the solvate that is 
(loosely) held in the lattice. To carry out a crystallographic 
investigation of such crystals they need to be mounted in 
capillaries, sealed under an inert atmosphere or with solvent 
present. The loss of solvent proved to be a major problem in this 
investigation and a special mounting technique similar to the one 
used in protein crystallography had to be developed. This has been 
used successfully to collect data on H^T^BHPP, P d (II)T^BHPP and 
Z n d D T ^ B H P P .
Initially the technique used previously to mount the 
Zn(IDT^BHPP crystal (Golder, 1984) was attempted. This involved 
transfer of a crystal from the crystallisation flask, via a 
microscope slide into a Lindemann capillary which was then plugged
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at the funnel end with a solvent soaked tissue. Although this had 
been used successfully in the initial experiments it could not be 
reproduced (powder diffraction rings were always present in 
photographs) and had to be modified to ensure that the crystal did 
not dry out. The problem arises because of the fast rate of 
solvent loss especially when volatile solvents such as 
dichloromethane and cyclohexane were used. In protein 
crystallography a similar problem occurs but in this case a much 
less volatile solvent, water is used and this allows time to 
manipulate the crystal before the mother liquor has evaporated. In 
the present case by the time a suitable crystal had been selected 
under the microscope and manipulated into a capillary tube the 
solvent had evaporated with subsequent loss of crystallinity. The 
success of this method in the previous investigation (Golder, 1984) 
was obviously fortuitous. Another problem is that of sealing the 
capillary so that when mounted no loss of solvent occurs in the 
time scale of data collection.
A large Lindemann capillary, 0.5 to 1.0 mm diameter, was 
selected and the sealed end removed carefully using a razor blade. 
A suitable crystal was selected from the darkly coloured 
crystallisation solution. When a suitable crystal was found the 
capillary was lowered into the solution so that some solvent (by 
capillary action) and the crystal were drawn up into the capillary. 
After a number of attempts it was possible to get a single crystal 
still surrounded by solvent into the capillary. To prevent loss of 
solvent from the crystal an atmosphere of solvent was retained in 
the capillary but it was also necessary to ensure that the crystal
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did not move during data collection. This was achieved by placing 
a piece of rolled-up tissue in the 'funnel' end of the capillary 
which was then inverted so that the solvent was absorbed by the 
tissue (to provide a solvent reservoir), and the crystal was firmly 
adhered to the side of the capillary (by surface tension from the 
very small quantity of solvent remaining in contact with the 
crystal). The 'funnel' end of the capillary was sealed with
araldite, the capillary was then broken to a suitable length and 
the open end also sealed with araldite. It was necessary to ensure 
that the crystal was positioned far enough up the capillary 
(towards the funnel end) so that when mounted it was at the correct 
height for the diffractometer. After a certain amount of practice 
this was accomplished.
The solvent soaked tissue ensures that the crystal does not 
dry while the capillary was being sealed. Melted black picene wax 
over the araldite was also used to ensure a good seal although over 
a period of time the solvent still evaporated, presumably by 
permeation through the araldite and wax. Once the araldite was dry 
the capillary was mounted in a 'pip' and placed on a goniometer 
head as normal (Figure 1.6). The long length of the capillary 
(normally the 'funnel' would have been removed before sealing the 
capillary) did not pose a problem on the CAD4 diffractometer 
although, care had to be taken to avoid knocking the capillary 
which is very readily broken.
1.17
ARALDITE SEAL
**—  CAPILLARY
SOLVENT SOAKED 
TISSUE
 ------ CRYSTAL
MOUNTING STUD
Figure 1.6 Crystal Mounting Technique for 'Solvent-sensitive'
crystals
1.5 X-Ray Crystallography
Specific data collection parameters for each structure are 
given in the appropriate chapters although some more general 
details relevant to all the structures are reported here.
All data collections were carried out on an Enraf-Nonius CAD4 
4-Circle diffractometer using either graphite monochromated-Mo(K«) 
radiation (X=0.71069A) or -Cu(K<x) radiation (X=l.54178A).
1.5.1 Determination of Arbitrary Primitive Cell
The initial problem to be overcome in crystallography is to 
determine the unit cell of the, often, randomly oriented crystal. 
This can be determined by traditional photographic methods but this 
is very time consuming and orienting the crystal, especially in a 
capillary, to use this technique can present problems (see Chapter
2). For crystals that diffract well and have 'normal' unit cell 
dimensions (say <30A) an automatic routine to scan for and center 
reflections can be used e.g. SEARCH in the Enraf Nonius Package 
(Enraf-Nonius, 1982). From a given starting point, defined by the
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Eulerian angles theta, chi and phi, SEARCH will scan through 
reciprocal space in a systematic manner to find observable 
reflections, a peak/background discrimination algorithm provides 
sensitivity and adapts to actual background intensity. Once a 
reflection has been located it is centred using a system of two 
slits in front of the detector at + and - 45° to the horizontal 
which accurately measures the centre of gravity of the peak. Up to 
25 such reflections are located, often searching different areas of 
reciprocal space (by changing the starting point), and an automatic 
reflection-centering routine (SETANG, Enraf-Nonius, 1982) is used 
to ensure accurate centering. Once these reflections have been 
measured and centred an indexing procedure (INDEX, Enraf-Nonius, 
1982) is used to calculate primitive cell parameters. This 
procedure is detailed in section 1.5.2.
For weakly diffracting crystals this search routine is not 
always successful and tends to be inefficient with few reflections 
being located; although lower than normal search angles can be used 
(e.g. sin8/X=0.196). An alternative strategy (if no unit cell
information and indexed reflections are available from photographs) 
is to take a rotation photograph on the diffractometer using a 
Polaroid attachment and to measure the positions of reflections 
from this. The diffracting positions of reflections located on the 
Polaroid are known (due to the method of setting up the 
diffractometer at known theta and chi angles) except for the phi 
angle. The positions on the Polaroid are entered and a search 
routine (PHOTO, Enraf-Nonius, 1982) scans for the reflection over a 
phi range of 360* and when these are located they are centred as
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before. This procedure was used successfully for both the Hs>PDM 
and Ha T^BHPP2^ structures when both Mo(K<x) and Cu(K«) radiation 
were used and subsequent diffraction was very weak and weak 
respectively.
1.5.2 Indexing Procedure and Determination of True Unit Cell
The aim of the indexing procedure is to produce a primitive 
unit cell, a corresponding orientation matrix and to assign indices 
to individual reflections.
A collection of vectors (T> in x,y,z coordinates is composed, 
containing the scattering vectors (Ri) calculated from up to 25 
located reflections and the sum and difference vectors (Rx-*-j) of 
each combination of the two scattering vectors. From (£) three 
vectors are selected;
Ri = shortest vector in the set (£)
R 2 = shortest vector in (V) which is most perpendicular to Ri
R3 = shortest vector in (V) which is most perpendicular to the
plane through R t & R^.
A number of checks are carried out to ensure that the 
reflections are not coplanar. If they are the program terminates 
and further reflections at different chi values must be added to
the list. If successful the resultant preliminary orientation
matrix is used to generate preliminary indices which are often 
fractional so they are multiplied by their lowest common 
denominator and rounded to the nearest integer. The preliminary 
matrix is then checked to see if smaller base vectors are possible
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and these are refined by a least-squares procedure using the 25 
reflections; new indices are then calculated. The cell is 
normalized (such that a<b<c and a, J3 and K are all >90°) to meet 
the conditions for unit cell translations, given in the 
International Tables (Henry & Lonsdale, 1969). The primitive cell 
is then printed along with the Niggli Matrix which allows one to 
choose the most probable lattice type (Niggli, 1928, Mighell & 
Rodgers, 1980).
The preliminary cell provides a unique description of the 
lattice and is defined independently of lattice symmetry. In 
addition it must be primitive because one of the properties is that 
it is built on the shortest three non-coplanar lattice trans­
lations. These reduced cells make it passible to determine the 
Bravais lattice from an arbitrary primitive cell of the lattice. 
Niggli (1928) derived geometrically the reduced forms for all the 
fourteen Bravais lattices and from the reduced cell determined 
above and it's resultant Niggli matrix it is possible to determine 
the correct lattice type from tables. This is conveniently done by 
computer using a utility program called TRACER (Enraf-Nonius, 
1982).
1.5.3 Data Collection and Processing
Once the true lattice type has been determined (it is usually 
correct at this stage but not always, Chapter 2) the positions of 
each reciprocal lattice point in space is known. To improve the 
accuracy of the unit cell a high angle (0.317(sin8/X(0.364) data 
set is collected and 25 reasonably strong reflections selected and
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substituted into the SETANG procedure (Enraf-Nonius, 1982). The 
resultant standard deviations after this procedure are generally 
much better and this cell is used for data collection.
In order to save time only symmetry-unique reflections were 
collected in the full data collections (in most cases) although 
occasionally symmetry equivalent reflections were collected to 
allow intensity averaging. In general, data was collected up to 
sin8/A= 0.57 but this was modified for weakly diffracting crystals 
e.g. HaPDM or strongly diffracting crystals like (H20)ZnTPP. One 
intensity reflection was measured every hour and this was used to 
check crystal decay during irradiation. Four reflections from the 
25 centred reflections were used for orientation control, which was 
checked every 200 reflections. If these deviated by more than a 
predetermined amount (0.080-0.10) from their calculated positions 
the cell was re-oriented by re-centering all the 25 reflections.
Reflection data was collected in a zigzag mode at the 
bisecting position 0=0*, using an co-28 scan mode. Another time 
saving procedure used was to carry out a pre-scan measurement for 
each intensity measurement at a fixed speed (20/6 Vmin). This is 
slow enough so that a majority of observed reflections are 
collected using the pre-scan only. If (ir(I)/I)pr« was greater than
1.0 for this pre-scan intensity then the reflection was flagged as 
weak. The relative <r(I)/I required from the final scan data is 
0.2 and is used to calculate the speed of the final scan. However 
if (<r(I)/I) )pi-«(0.2 then the data is considered to be good enough 
and no final scan was carried out as indicated above.
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1.6 Porphyrin Stereochemistry
The literature on the chemistry and biochemistry of porphyrins 
is extensive and being added to at a very rapid rate. The last
comprehensive review was that of Dolphin (Dolphin, 1978) and 
occupied 7 large volumes covering all aspects of the subject. In 
this section only an overview of porphyrin stereochemistry will be 
given to explain the terms subsequently used in this thesis. The 
last review on porphyrin stereochemistry (Scheidt, 1978) covered 
216 porphyrin, hydroporphyrin or corrin , crystallographic struc­
tures. In a recent (Sept, 1987) search of the Cambridge Crystallo­
graphic Database (Allen et al.> 1979), out of a total of 61829
structures 593 were porphyrins, hydroporphyrins or corrins. Since 
1978 reviews have been more specialised, such as the review of iron 
porphyrin stereochemistry by Scheidt & Gouterman (1983).
The notation commonly used in porphyrin stereochemistry, and 
used throughout this thesis is as follows: C« and Cb  denote the a 
and $ carbons of the pyrrole ring, N the pyrrole nitrogen, Cm the 
bridging methine carbon and Ct the centre of the porphyrin 
macrocycle defined by the four nitrogen atoms mean plane (Pn ) . 
This nomenclature is summarized in Figure 1.7. Other common 
notations are Pc to denote the mean plane of the 24 atom porphinato 
core, M for any coordinated metal and L or X for axial ligands.
Common geometries found in porphyrins (Hoard, 1975, Scheidt, 1978)
are shown schematically in Figure 1.8.
Hermann-Mauguin notation is used in crystallography to specify 
the symmetry of the crystal lattices and molecular structures but 
in spectroscopy and porphyrin stereochemistry the Schoenflies
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Figure 1.7 Porphyrin nomenclature used in this work
N M  M
Da n
(a)
Figure 1.8 Common porphyrin geometries. Ct = centre of 
mean plane through the four nitrogen atoms <PN)
D  2d 
(b) (c)
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notation is most common so important symbols are given in both 
notations e.g. 42m (H-M) = D2d (Schoenflies) .
A brief report of work carried out by Murray-Rust & Kratky 
(1981) has shown that, at the time of the calculations, 42m (Dza) 
symmetry accounted for 76% of observed deformations in 90 unique 
metalloporphyrins on the Cambridge Crystallographic Database (Allen 
et al., 1979) and 4mm ( C a v ) accounts for a further 13%. The 
symmetry 4mm (C*v ) corresponds to a 'doming1 of the molecule and is 
particularly prevalent in five-coordinate metalloporphyrins. The 
symmetry 42m (D2 d) on the other hand corresponds to a ruffling of 
the porphyrin core and A/minm (Dam) to a planar core. In all 
reported structures the pyrrole rings and attached methine carbons 
are planar within statistical limits.
The porphyrin core is a quasi-aromatic m-system which, from 
crystallographically measured bond lengths, is a hydrid of several 
resonance forms, two dominant forms of which are shown in Figure 
1.9. Removal of an electron from this m-system, to form a radical 
cation apparently has no significant effect on the bond lengths and 
angles within the porphyrin core, e.g. for ZnTPP"" in ZnTPPClOA 
(Spaulding et a l., 1974). In Table 1.3 the bond lengths and angles 
in ZnTPP (Scheidt et al., 1986), ZnTPyP.py (Collins & Hoard, 1970) 
and ZnTPP-" are compared.
The free base porphyrins have two hydrogen atoms bonded to 
pyrrole nitrogen atoms. This fixes the two hydrogens on opposite 
nitrogen atoms of the core and limits the molecule to twofold 
symmetry compared with the fourfold symmetry of the 
metalloporphyrins. There are small differences in the geometry of
1.25
the two distinct types of f ive-me inhered rings in the free base 
(Table 1.4). The bond distance changes in the two types of ring 
are consistently smaller than that suggested by formal bond order 
differences calculated from the limiting structures displayed in 
Figure 1.9. In some structures, such as the tetragonal form of 
tetraphenylporphyrin (HsTPPtet, Hamor, Hamor & Hoard, 1964) which 
has required 4 (S*) symmetry the two inner hydrogen atoms are seen 
as half-atoms bonded to each of the four nitrogen atoms. The 
effective fourfold symmetry can arise from two equally probable 
orientations of the HzTPP molecule that have hydrogens in fixed 
positions or from tautomeric shifts of the two protons among the 
four nitrogen atoms of each molecule. The tautomeric exchange is 
rapid on the NMR time scale at room temperature but has been 
observed in solution by proton, carbon-13 and nitrogen-15 variable
ZnTPP- ZnTPyP.py ZnTPP '
Spaulding Collins & Scheidt et
et al. 1974 Hoard 1970 al. 1986
Zn R 2.076(9) 2.073(2) 2.037(2)
R C« 1.35(1) 1.369(4) 1.376 (2)
Coc Cfit 1.43(1) 1.447(4) 1.440(2)
Cjb Cb 1.35(2) 1.355(4) 1.349(3)
Coc Cn, 1.40(1) 1.406(4) 1.400(3)
ZnHCoc 125.5(7) 126.3(2) 126.45(12)
RCocCm 126.1(8) 125.7(2) 125.92(16)
RCocCjB 109.4(10) 109.8(3) 109.39(16)
CocRCcc- 107.6(5) 106,6(2) 106.57(15)
CocCb Cb 106.9(13) 106.9(3) 107.32(17)
CjaCocCm 124.4(12) 124.5(3) 124.61(17)
CoeCmCoc 124.7(4) 125.2(3) 124.79(17)
Table 1.3 Comparison of Bond Lengths and Angles in a Zinc (I I) 
Porphyrin Free Radical and two Zinc(II) Porphyrins.
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107.1
1.431
/ 107.9
  M 108.6
\  107.9
1.380
N —1.365
1.452
1.376
1.345
Figure 1.9 Resonance Structures for a free base porphyrin showing 
the dominent 18* 18-membered pathway and average bond lengths and 
angles for porphine (Chen & Tulinsky 1972). Hate the two non­
equivalent nitrogen rings.
temperature M R  spectroscopy (Crossley et al., 1987 + refs there­
in). The presence of tautomerism in the solid state has also been 
established (Limbach et al., 1984).
The intrinsic relative stabilities of the different structures 
of the porphyrin core, e.g. A/mmm (Da m  ), 42m (D^d) or^(C/iv) is
probably small. Several porphyrins have been crystallised, under 
mild conditions, in more than one form, e.g.; HzTPP (Silvers & 
Tulinsky, 1967; Hamor, Hamor & Hoard, 1964), porphine (Webb &
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Parameter
type MPIXDME PPIXDME HaOEP HsTprP HsCap
I-Ccx /A
amino 1.365(5) 1.367(7) 1.367(2) 1.376* 1.372(6)
imino 1.366(5) 1.370(7) 1.364(2) 1.372 1.367(6)
Coc-CjB /A
amino 1.438(3) 1.441(7) 1.438(2) 1.437 1.430(7)
imino 1.457(3) 1.452(7) 1.462(2) 1.443 1.454(7)
Cb-Cb /A
amino 1.368(4) 1.360(7) 1.373(2) 1.352 1.350(7)
imino 1.359(4) 1.355(7) 1.353(2) 1.341 1.336(7)
0
 
a 1 0 /A
amino 1.386(3) 1.380(7) 1.390(2) 1.394 1.395(6)
imino 1.391(3) 1.392(7) 1.394(2) 1.399 1. 397(6)
CwHCoc /*
amino 109.6(2) 110.5(5) 109.6(1) 110. 0 109.9(4)
imino 105.7(2) 105.4(5) 105.7(1) 106.6 105.7(4)
JTC«C* /•
amino 107.5(2) 106.9(5) 107.7(1) 106. 7 106.8(4)
imino 110.9(2) 110.9(5) 110.8(1) 109.5 110.4(5)
CcxCb C® /•
amino 107.6(2) 107.9(5) 107.4(1) 108.3 108.3(4)
imino 106.3(2) 106.5(5) 106.3(1) 107.3 106.9(9)
IfCcxCm /°
amino 125.3(2) 125.4(5) 125.0(1) 127. 1 126.4(7)
imino 124.7(3) 124.4(5) 125.1(1) 126.2 125.8(6)
CfiCotCm /•
amino 127.2(3) 127.7(6) 127.3(1) 126.2 126.8(6)
imino 124.4(3) 124.8(7) 124.0(1) 124.5 123.7(5)
CcxCrnCoe /•
127.7(2) 128.1(8) 127.6(1) 125. 0 125.3(5)
*  e .s.d.'s a p p r o x i m a t e l y  0.004A & 0,2-0,4*
References;
H 2 MPIXDME, raesoporphyrin IX dimethyl ester, Little & Ibers, 1975 
H 2 PPIXDME, p r o t o p o r p h y r i n  IX dimethyl ester, Caug h e y  & Ibers, 1977 
H 2 OEP, 2 , 3 , 7 , 8 , 1 2 , 1 3 , 1 7 , 1 8 - o c t a e t h y I p o r p h y r i n , Lauher & Ibers, 1973 
H 2 TPrP, 5 , 1 0 , 1 5 , 2 0 - t e t r a p r o p y l p o r p h y r i n , C o d d i n g  & Tulinsky, 1972 
H 2 Cap, 5 , 1 0 , 1 5 , 2 0 - C p y r r o m e l 1 i t o y l <tetrakis-tT-oxyethoxypheny1 ) 3 p o r p h y r i n , J a m e s o n  & 
Ibers, 1980
Table 1.4 Free Base Porphyrins showing two different five-membered 
rings - with (amino) and without (imino) hydrogen on the nitrogen
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Fleischer, 1965; Chen & Tulinsky, 1972), HiOEP (Meyer, 1972; Cullen 
& Meyer, 1974; Brennan, Scheidt & Shelnutt, 1988)
To investigate the energy difference between various 
conformations Dedieu et al. (Dedieu, Rohmer & Veillard, 1982) 
carried out some molecular orbital <ab-initio) calculations on P2- 
and F e d I ) P  (S=l) with either a planar A/mmm (DaD or a ruffled 42m 
(D2d) skeleton. The corresponding energy values were found to be 
close and the most stable form depended on the basis set used. 
They recommended that in order to assess which structure is the 
most stable an extended basis set with extensive geometry 
optimisation should be used. In our case such a calculation proved 
too expensive in computer time and it was estimated that many hours 
of supercomputer time would be required to complete such a 
calculation.
The results do however suggest that with such a low energy 
barrier to conformational change the porphyrin molecules in 
solution are almost certainly a mixture of the planar A /mmm 
and ruffled 42m (Dad) molecules. However when substituted with a 
metal this behaviour may be modified and 4mm (C4v) could also 
become important. Ruffling of the core tends to decrease the 
Ct - • - If distance and may not occur with large ions like Sn(IV) for 
which the structures are planar. Ruffling could reduce some steric 
interactions with axial ligands where they are present. In solution 
five-coordinate species may retain 4mm (CUD symmetry or attach a 
sixth (axial) ligand which could bring the metal into the plane 
resulting in a planar 4 /mnm (D^h) or a ruffled 42m (Dzd ) core. 
Dedieu, Rohmer & Veillard (1982) have suggested that the out-of­
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plane displacement in five-coordinate porphyrins is due largely to 
steric interactions between the axial ligand and the porphyrin ring 
rather than the size of the metal ion. Scheidt (1978) originally 
thought that the zinc ion was too large to fit into the core but in 
an addendum to this paper he reported the first structure with an 
in-plane zinc(II) ion, i.e. ZnTPP.2Cg HsCH3 (Scheidt, Kastner & 
Hatano, 1978).
The flexibility of the porphyrin core is also shown by its 
ability to complex a great number of metal ions by stretching or 
contracting as necessary. Metals of very different ionic radii and 
charge are complexed, some with the metal in the plane and either 
four or six-coordinate, others with the metal out-of-plane and 
five-coordinate or even eight-coordinate in the case of very large 
ions such as zirconium e.g. in (OAc)s>Zr (OEP) (Scheidt, 1978). 
Figure 1.10 shows the range of metal and semi-metal ions for which 
metalloporphyrin crystal structures have been reported. For same of 
the missing elements porphyrin complexes have been prepared but 
crystal structures have not yet been reported.
Mo direct correlation between the core size or symmetry and 
the ionic radii of the metal ion has been shown. When a metallo- 
porphyrin has been crystallized in more than one form, such as the 
triclinic and tetragonal NiOEP, the M-N distance is modified by the 
degree of ruffling of the core and the ionic radius is obviously 
not the dominant structure determining effect. Ni-JJ bond lengths 
in square planar complexes containing imine type ligands are 
generally 1.85A (Henrick, Tasker & Lindoy, 1985) so the porphyrin
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Figure 1.10 Porphyrins for which crystal structures 
have been reported.
core must contract from the normal 2.01A core size (Hoard, 1975) if 
it is to accomodate this undersized ion. However, other forces 
must come into play since the planar triclinic NiOEP has Ni-N = 
1.958(2)A (Cullen & Meyer, 1974) which is considerably longer than 
in the ruffled tetragonal form of NiOEP, for which jri-ff=l. 929 (3)A 
(Meyer, 1972) or MiT^BHPP (Chapter 3) for which Ni-H=l.913 (8) A. 
The stabilizing energy contributed by the delocalized x-system is 
maximized for a planar conformation of the porphinato core, however 
stronger complexing of the porphyrin macrocycle by the nickel(II) 
ion favours the nonplanar conformation.
There appears to be a balance of forces that are modified by 
external constraints, such as steric hindrance from a fifth (axial) 
ligand which forces the metal out of the plane or crystal packing
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forces. In the ZnTPP structure (Scheidt et al., 1986) crystal
packing effects are responsible for statistically unequal Zn-N bond 
lengths of 2.045(2)A and 2.029(2)A. A similar effect is seen in 
the isomorphous silver complex also reported in the same paper, Ag- 
1= 2.082(3)A and 2.101(3)A.
The quasi-rigid porphinato core resists undue expansion or 
contraction in the equatorial plane so that the range of metal- 
porphyrin nitrogen (M-R) bond lengths is restricted relative to the 
normal range of values that characterise metal-nitrogen bond 
lengths in non rigid systems. Thus Ni-N bond lengths in the con­
tracted nickel porphyrins are stretched by 0.05-0.10A and Sn-U 
bonds of the expanded core in Cl2SnTPP (Sn-R=2.098A, Collins, 
Scheidt & Hoard, 1972) are compressed by ^0.05A. Hoard (1975) has 
investigated the effects of a 42m (D2d) porphinato skeletal
ruffling on the M-R bond distances as well as other bond parameters 
of the core. A 42m (Dza) ruffling of the core can be obtained from 
a planar A/mmrn (D*ii) conformation by a rotation of the planar 
subunit consisting of a pyrrole ring and the attached pair of Cac~Cm 
bonds. Rotation of the subunit by an angle 0 around the twofold 
axis along the M-R bonds leads to a 42m (D2ci) ruffling of the core. 
The combined rotations require that the Cm carbon atoms be 
displaced alternately above and below the mean plane of the core in 
agreement with 4 (S*) symmetry. The bond parameters are subject to 
the exact relationship;
(K-R) + (R-C«)cosCotRC«/2-(Coc-Cm) since
=  [ (R -C < x )s in C o c !T C o c /2 + (C o c -C « > )c o s a 3 c o s 0
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where a=90+CcxRC«/2-RCocCm; M-R, R-C«, and Coc-C™ represent bond 
lengths and C<xRC« and RC«Cm are bond angles. Implicit in this 
relationship is that C«CmC« angle is adjusted to retain ring 
closure. This relationship can be used to suggest the bond 
parameter changes (relative to the planar conformation) needed to 
accomodate the observed ruffling of the porphinato core. For the 
nickel(II) porphyrins, the adjustments in bond parameters are 
largely taken in the Ri-R bonds, but for a cobalt (III) porphyrin 
(Kaduk & Scheidt, 1974) adjustments are taken in other bond 
parameters as well.
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Unusual Solvated Crystal Structures;
Crystal Structures of Hz, PdCII) and Zn(II) 
Complexes of T*-BHPP
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2.1 General Introduction
The solutions of the palladium (II), zinc (II) and H^T^BHPP structures 
presented a problem as the wrong cell was used for data collection 
because of an excellent pseudo-symmetry which exists. Although this 
symmetry was recognised at an early stage each possibility had to be 
investigated thoroughly before the correct solution was determined.
Other complicating factors were also encountered. One of the 
solvents of crystallisation, cyclohexane, is trapped in the lattice. This 
was surprising since cyclohexane is a molecule which would not be 
expected to bond strongly e.g. via hydrogen bonds or k -k interactions. 
It would therefore not be expected to be held firmly within a crystal 
lattice. A search of the Cambridge Crystallographic Database (Allen et 
aJM 1979) revealed, however, that this is not the first structure to have 
cyclohexane as a solvate (see discussion 2.3).
Details of the P d d D T ^ B H P P  structure have been reported in brief 
(Golder et al., 1987) and a full structure report of both P d d D T ^ B H P P  and 
Z n d D TdJHPP has been submitted for publication (Golder et al., 1988c). 
The porphyrin molecules are hydrogen bonded together in sheets with the 
cyclohexane molecules lying between these sheets although the very low 
calculated densities of 0.82 (Pd) and 0.84 Mg m~3 (Zn) suggests that much 
of the solvate is too disordered to be determined,
2.1.1 Palladium (IDT^BHPP
Whereas the nickel(II) ion (Chapter 3) is very small compared to the 
optimum porphyrin geometry, the palladium(II) ion is the ideal size to fit 
in Hoard's (Hoard, 1975) optimum size porphyrin core, Ct,-N=2.01A. In the
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only reported 4-coordinate palladium(IDporphyrin structure, PdTPP
(Fleischer, Miller & Webb, 1964), Pd-N=2.009 (9)A. This molecule has 
crystallographically required 4 (S*) symmetry and is very puckered (Cm
is displaced by ±0.38A from Pc ), though not to the same degree as 
Ii(II)T*BHPP (Cm ±0.54A) or tetragonal MiOEP (Cm ±0.51A, Meyer, 1972). 
Pd (IDT^BHPP however, is found to be planar with no significant displace­
ment of the porphyrin core atoms from the least-squares plane.
2.1.2 ZincdDT^BHPP
The relatively large size of the zinc(II) ion had been thought to 
preclude the zinc (II) ion from being centred in the mean porphyrin plane 
in zinc (II) porphyrin complexes (Scheidt, 1978). However it has been 
shown that four coordinate ZnTPP.2C«»HsCH3 (Scheidt, Kastner & Hatano, 
1978) and ZnTPP (Scheidt et al., 1986) have the zinc rigorously centred 
in the porphinato plane with required 1 symmetry. The six coordinate 
ZnTPPdHF)^ (Schauer et al., 1985) likewise, has the zinc in the porphyrin 
plane by the same imposed symmetry. An interesting feature of the ZnTPP 
structure (Scheidt et al., 1986) is that the non-equivalent bond distances 
in the centrosymmetric coordination group of the complex are 
statistically different, Zn-N=2.045(2)A and 2.029(2)A which results from 
asymmetric lattice packing. The unsolvated ZnTPP is isomorphous with 
triclinic HzTPP (Silvers & Tulinsky, 1967) and AgTPP (Scheidt et al., 
1986) and the same asymmetric lattice packing is apparent in these 
structures.
In the structure of Zn(II)T*-BHPP the four-coordinate zinc atom is in 
the plane of the porphyrin ring and the Zn-M bond distance (2.041 (8)A) is
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not significantly different from the other four- or six-coordinate 
complexes discussed above. The final refinement is relatively poor, as 
indicated by the large standard deviations on the bond lengths and 
angles. This is due to the poor quality of the data set which had 54% 
unobserved data (I<2.0o'(I)).
A previous attempt to solve this structure (Golder, 1984) had failed 
and this is now recognised as being due to the pseudo-symmetry inherent 
in these structures.
2.1.3 HaT^BHPP
The free base porphyrins are well known and thirteen crystal 
structures have been reported; six of which are meso-substituted 
porphyrins and the rest of which are either unsubstituted or substituted 
on the ^-pyrrole carbons. The most common mesa-substituted porphyrins 
are tetraphenylporphyrin (TPP) or its analogues. There are however no 
such porphyrins occurring naturally and better models of real systems are 
those based on the ^-substituted porphyrins such as octaethylporphyrin 
(OEP) or protoporphyrin IX. Unless statistically disordered in the 
crystal structure two type of nitrogen are present, one amine-like with 
the hydrogen atom attached and one imine-like with a free lone-pair of 
electrons. Although the hydrogens are not always located in X-ray 
crystallography, differences in the bond angles and distances within each 
ring type usually identify the location of the amine-like nitrogen atom. 
For example in the crystal structure of HaOEP (Lauher & Ibers, 1973) the 
CoclICoc angle is 109.6* in the amine ring and 105.7" in the imine ring. 
This has been discussed in Section 1.6 and an example is given in Figure
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1.9 (Chapter 1). Initial studies indicated that the free base porphyrin 
being studied here (HzT^-BHPP) was isomorphous with the Pd(II) and Zn(II) 
complexes but, unfortunately very poor crystal quality has prevented 
solution of the crystal structure.
2.2 Experimental
2.2.1 P d d D T ^ B H P P
A sample of P d d D T ^ B H P P  was supplied by Kilgrom (Milgrom, Jones & 
Harriman, 1988). Initial attempts to obtain crystals from chloroform or 
dichloromethane did not yield any suitable samples for single crystal 
investigation. These crystals, although well formed, tended to be very
thin platelets. Larger crystals were grown in a cold cabinet <4*C) from 
dichloromethane but these also proved to be unsuitable since although 
well formed they did not diffract well. Crystals were successfully 
obtained from a solution of Pdd D T ^ B H P P  in dichloromethane with cyclo­
hexane carefully layered on top. The P d d D T ^ B H P P  crystals were either 
large rectangular blocks or square bipyramidal prisms depending on the 
crystallisation; although conditions were apparently the same different 
facial development may have occurred or, perhaps, even a different 
polymorph was formed. Surprisingly, when placed on an oscillation camera 
it was found that the 'crystals', despite having good morphology 
apparently did not diffract. When a crystal was adhered to a glass fibre 
and rapidly placed on a X-ray camera a diffraction pattern was obtained; 
this however degraded to powder rings and then to no diffraction pattern 
at all. This had been seen previously in the zinc derivative, 
Z n G D T ^ B H P P  (Golder, 1984) and is due to loss of solvent which was only
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weakly retained within the lattice. This point will be further explained 
later in this chapter.
A P d G D T ^ B H P P  crystal, mounted in a capillary as described in
Section 1.4, was used to collect a data set and then a limited set of
photographs was obtained (see next section). The capillary was then
broken and the crystal shape and size was determined to be square
bipyramidal, 0.5 m m  x 0.5 mm x 1.0 mm. A UV/visible spectrum of the
dichloromethane solution confirmed that the crystal was of Pd (IDT^BHPP.
2.2.l.a Camera Studies on Pd(IDT^BHPP
It was fortuitous that the crystal used for data collection (mounted
as described in Section 1.4) was sufficiently oriented to allow alignment 
and a photographic investigation. An oscillation and both the zero and 
first layer Weissenberg photographs were recorded. The photographs
indicated that the crystal was mounted about c and their analysis gave 
the unit cell as;
a = 26.9 A a = 90.0°
b = 32.2 A 0 = 133.82* *
c = 19.4 A * = 90.0*
* taken from diffractometer cell
The £ angle could not be measured accurately from the photographs 
in this orientation but when the angle obtained on the diffractometer was 
used, a cell identical to that obtained on the diffractometer was found. 
Absences on the zero and first layer confirmed the C-centred cell and the 
apparent absence of the hOl, 1= 2n+l axis on the first layer suggests
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that the c-glide is a true absence. Since this was obviously the same 
cell as that found on the diffractometer no further layers were taken.
2.2.1.b Data Collection
Data was collected on the CAD4 diffractometer as described 
previously using the 0 - 2 8 scan mode and Mo(Koc) radiation.
The initial triclinic cell determined by the 25 automatically located 
and centred reflections (Section 1.5) transformed to a C-centred mono­
clinic cell by Delauney reduction (using TRACER described earlier);
Initial cell
a 19.34(6) ex 54.85(3)
b 20.876(15) 0 61.25(7)
c 21.250(16) V 63.68(8)
Transformed cell
a 26.83(4) a 90.0
b 32.017(5) 0 133.72(10)
c 19.34(6) 'i 90.0
Data collection parameters are summarised in Table 2.1. After data 
collection was complete, a further Delauney reduction (the cell re­
orientates during data collection and small variations in the cell
occasionally hide or revealed extra symmetry) indicated that the cell
could be transformed to a F-centred orthorhombic cell;
Monoclinic cell (CELL 1 - see later) at end of data collection
a 26.878(7) <x 90.0
b 32.015(4) 0 133.83(2)
c 19.415(2) V 90.0
Orthorhombic cell (non-standard orientation -see later)
a 28.005 a 90.0
b 32.015 0 90.0
c 26.871 90.0
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Compound Pd (IDT^-BHPP
Formula Ct-sHszM ^CUPd .3 CsH 12
F.W., amu 1484.49
Temp K 293
Cryst. system Monoclinic
Space group C2/c
a, A 28.004(4) (Final cell not as collected)
b, A 26.871(7)
c, A 21.267(2)
a, deg 90.0
deg 131.18(2)
deg 90.0
V, A3 12045(10)
Z 4
F (000) 3192
Dcsic, Mg m~3 0.819 (including solvent)
Cryst. dimens, mm 0.5 x 0.5 x 1.0
Radiation Mo(K«) (X=0.71069A)
Monochromator graphite
fi, cm-1 1.9
Scan type 0-28
Geometry bisecting
8 range, deg 1-24
Indices collected 0«h(30, 0«k(36, -22*1(22
Reflections 9424 measd; 6308 used (I>3<r (I))
Scan speed, deg
min-1 5
Mo. of least-square
parameters 269
Data/parameters 23.4
R 0.086
Rw 0.113
S 1.03
Table 2.1 Summary of Crystal lographic Parameters for Pd(II)T*BHPP
This was a surprising result as the photographs had apparently confirmed 
the C-centred monoclinic cell and the oscillation photograph had not 
shown mirror planes perpendicular and parallel to the oscillation 
direction as required by orthorhombic symmetry. Inspection of the 
transformed cell however indicates that the monoclinic c-axis is not 
coincident with one of the orthorhombic axes so a crystal mounted about
this axis would not show the orthorhombic symmetry. If the crystal had
been mounted about the monoclinic a* or b* axes then the (pseudo)
orthorhombic symmetry would have been obvious.
The F-centred orthorhombic cell may be just a coincidence of
geometry rather than a true representation of the symmetry and from the 
cell parameters it can be seen that aot-u -.o  = 2 x cm0r.oSinj3 and the other 
parameters are all the same. This can be readily shown by drawing the 
monoclinic lattice and drawing in the orthorhombic cell. Figure 2.1 
shows the monoclinic ac plane with the orthorhombic ac plane overlaid, 
the exact coincidence of lattice points being apparent and being caused 
by the particular combination of the monoclinic c and £ parameters.
Figure 2.1 Diagram showing the equivalence of the 
monoclinic and the orthorhombic ac planes
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Another set of photographs with the crystal mounted about the 
monoclinic a* or b* axes would be required to determine whether the 
symmetry was truely orthorhombic, however the crystal mounting technique 
precludes such alignment except by chance. A decision was made to 
continue with the monoclinic cell initially and if problems were 
encountered in solving or refining the structure (which there were) then 
the orthorhombic cell could be reconsidered. Although this proved to be 
necessary it did not provide the correct solution to the structure.
Statistics (the N (z) cumulative probability distribution) suggested 
the structure was centrosymmetric and the zones data showed the hOl, 
l=2n+l reflections to be systematically absent, confirming the c-glide 
indicated by the photographic data (2.2.1a).
2.2.1c Structure Solution - Initial Attempts
Initially attempts to solve the structure in the C-centred mono­
clinic cell (CELL 1) were unsuccessful. The routine use of Direct 
methods, MULTAN (Main et al., 1978), was prevented by difficulties in 
finding a good origin in both C2/c and Cc. The Patterson map, however, 
when printed out and contoured, showed the porphyrin ring perpendicular 
to z, clearly seen at the origin and at Ottte (uvw). In C2/c this places 
the palladium atom on the 2-fold axis at 0V6U and the three symmetry 
related positions. There were few discrepancies in the gOu zone so the 
c-glide was likely to be true and investigation of the Patterson map in 
terms of the other possible space groups confirmed this;
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C2 v can only be equal to 0 or and not H as here.
Cm No fractional translation along z so w=& not possible
C2/m Insufficient vectors present if Pd were in a general
position and vector present (0#te) not explainable in a 
special position.
Cc With the Pd atom positioned at te&K the Patterson is
explained (this position is very closely related the 
solution on the 2-fold in C2/c and differs in the lack of 
a centre,
C2/c Wyckoff position (e) is only possible solution with y=J6
as indicated above.
Thus the space group is either C2/c or Cc which means that there 
are only 4 molecules per unit cell. This gives a very low calculated 
density and solvent must be present in order to raise this to a more 
acceptable value. The density is readily calculated;
Formula PdCT-eHsssNAd* Dc.ic= F.V. x Z x 1.6606
V
Formula Weight (F.W.) 1231.99 g
Unit Cell Volume (V) 12053.1 cm 3
Z (No of molecules
in the cell) 4
Density (calculated) = 0.679 gem-3
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Using the density of Hi(IDT^BHPP (1.01 Kg m - 3 , Chapter 3) as a 
guideline for the actual density of Pd (IDT^BHPP, the extra mass of the 
palladium being almost insignificant, it is possible to estimate the
number of solvate molecules required to give a more realistic density.
The calculation requires there to be an extra 601 amu's in the asymmetric 
unit, equivalent to 7 cyclohexane or 6 dichloromethane molecules or a 
combination of these. This is an unusually large loading of solvate 
molecules, with an estimated 28 cyclohexane or 24 dichloromethane 
molecules in the unit cell. The rapid and easy loss of solvent from the 
lattice precluded sensible measurement of the density to confirm this.
As stated above the statistics suggested the data was centro- 
symmetric making C2/c the space group of choice. Phasing on the
palladium atom at 0&# gave the position of the nitrogen atoms (3 
positions, 2 of half weight since they are on the 2-fold). However,
subsequent Fourier calculations apparently produced no more of the 
molecule when the electron density map was searched with a standard peak 
search program. This was surprising considering the definition of the 
porphyrin in the Patterson map. The printed z=tf section of the Fourier 
revealed the porphyrin ring, the oxygen atoms, some t-butyl carbons and 
the in-plane phenyl carbons - 36 atoms in all. An attempted refinement 
resulted in the scale factor and agreement factors increasing wildly and 
the temperature factors falling, with many going negative.
Although this did not look promising as a solution to the structure 
it was nevertheless pursued, F-centred orthorhombic cells being rare 
enough to be treated with caution. There are, however, two previously 
reported porphyrin structures in this crystal class (Diebold et al.t 1979
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and Kaduk & Scheldt, 1974). The apparent divergence of the structure was 
overcome using only structure factor and difference Fourier calculations 
to build the rest of the model. With all the expected 44 atoms located a 
full matrix least-squares refinement succeeded, giving an R-factor of 19%. 
The model was basically acceptable though some of the bond lengths were 
not those anticipated from other porphyrin structures. Further refine­
ment and difference maps indicated the position of some cyclohexane 
molecules but these would not refine. After many more refinements, adding 
and removing apparent partially resolved cyclohexane molecules, the 
hydrogens were added and the porphyrin atoms set anisotropic. With one 
definite, disordered cyclohexane molecule included, refinement converged 
at R=0.101 (without the disordered cyclohexane R= 0.112). More cyclo-
•V
hexane must be present (from density considerations) but was apparently 
too disordered to be included in the atoms list.
The bond lengths and angles showed the refinement to be poor with a 
large deviation in the parameters, particularly in equivalent bonds.
A subsequent data set for Z n d D T ^ B H P P  (Section 2.2.2) in a different 
monoclinic cell had been collected and shown to be related to the F- 
centred orthorhombic cell. This warranted a further investigation of the 
orthorhombic cell to see whether this was the reason for the poor 
monoclinic refinement. The palladium and zinc structures had previously 
been shown to have the same cell - a data set collected previously 
(Golder, 1984) for the zinc structure was in the same monoclinic cell as 
that of the palladium complex and not the one for the latest data set. 
Some details of the Z n d D T ^ B H P P  structure solution (see 2.2.2) are 
reproduced here to indicate the reasons for subsequent attempts at
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solving these structures. The initial triclinic cell (for ZndDT^BHPP) 
found by the diffractometer was the same (within reasonable error) as 
that for the palladium structure but Delauney reduction gave the F- 
centred orthorhombic cell. Refinement of the palladium structure was 
well underway in the monoclinic space group so it was decided that the 
orthorhombic cell may not be the true cell and the diffractometer was 
allowed to re-centre the 25 cell determining reflections. A further 
Delauney reduction on this re-refined cell gave a C-centred monoclinic 
cell and this was used for the data collection. However this cell was 
not the same as that used for Pd (IDT^BHPP! Although this was not 
realised at the time (the cells were not compared accurately, a C-centred 
monoclinic cell with £ ^ 130° was found and accepted) it proved to be a 
fortuitous error which helped greatly in finally solving the structures.
By collecting a monoclinic data set the option of investigating an 
orthorhombic solution remains open. Collection of a full monoclinic data 
set allows the data to be rotated to the orthorhombic cell and the 
symmetry equivalent reflections averaged to produce a full orthorhombic 
data set. The reverse transformation (orthorhombic to monoclinic ) could 
not be carried out unless two octants of reciprocal space were collected.
Figure 2.2 gives the cells and their interrelations and Figure 2.3 
shows this pictorially. The cells will be referred to by a simplified 
naming scheme, the palladium cell as CELL 1, the zinc cell as CELL 2 and 
the orthorhombic cell as the F CELL. A third cell indicated in Figures 2.2 
& 2.3 will be discussed later and referred to as CELL 3.
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CELL 2CELL1 -l -2
F CELL
CELL 3
Figure 2.2 Transformation matrices to interconvert the 
cell detailed in the text
CELL'
Figure 2.3 Lattice drawing showing the different monoclinic 
cells within the orthorhombic lattice
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2.2.1.d Orthorhombic Refinement
The collected data set was re-reduced in the monoclinic cell and 
Lorentz and absorption corrections applied as before. This was then 
rotated to the orthorhombic cell using the matrix obtained from TRACER 
(-1,0,-2; 0,1,0; 1,0,0, Frenz, 1983). The data was then averaged, using 
PAIET (Frenz, 1983), to give a unique data set and as can be seen from 
the listing (Table 2.2) the agreement between symmetry related 
reflections is reasonable (although perhaps not as good as would be 
expected from a good quality crystal), thus giving some credence to the 
F CELL. Systematic absences indicated at least two and probably a third 
d-glide (F2dd or Fddd) - however the similarly rotated zinc data only 
indicated two d-glides. The structures were thought to be isomorphous so 
the space group was accepted as F2dd, rather than the centrosymmetric 
Fddd. The data was rotated to the standard orientation, Fdd2.
A Patterson calculation located the palladium atom at WJVA and the 
z=tt section of the map clearly showed the molecule with the expected 
geometry. This raises the possibility that the F CELL is the true one. 
All but 3 of the expected atom positions were found in the Patterson map 
and these were located in a subsequent electron density map along with an 
ordered cyclohexane molecule.
Least-squares refinement on the porphyrin atom positions (with 
fixed temperature factors initially) and a molecule of cyclohexane (fixed 
temperature factors) gave an agreement analysis of 0.119; although the 
estimated standard deviation of an observation with unit weight (S) was 
still high at 6.73.
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h k 1 Fobs h k 1 Fobs
1 1 1 472.5 -1 1 1 517.5
3 1 1 301.8 -3 1 1 256.8
3 3 1 54.7 -3 3 1 45.3
1 3 3 295.6 -1 3 3 304.3
3 1 3 73.2 -3 1 3 80.0
4 2 2 325.3 -4 2 2 287.5
8 2 2 260.3 -8 2 2 268.0
2 2 8 161.1 -2 2 8 157.4
7 1 5 92.4 -7 1 5 84.7
6 8 2 108.7 -6 8 2 103.5
8 6 2 83.7 -8 6 2 75.0
11 1 1 258.4 -11 1 1 285.4
11 3 1 114.2 -11 3 1 121.9
3 1 11 235.4 -3 1 11 229.1
12 0 4 255.6 -12 0 4 283.8
11 5 5 179.9 -11 5 5 166.5
4 0 12 190.3 -4 0 12 185.0
4 4 12 182.3 -4 4 12 176.7
14 0 2 248.2 -14 0 2 265.6
11 1 9 150.4 -11 1 9 157.7
13 9 1 131.7 -13 9 1 122.5
10 2 12 177.8 -10 2 12 167.3
16 4 12 138.3 -16 4 12 147.4
12 22 6 62.7 -12 22 6 68.9
Table 2.2 Same of the worse discrepancies between equivalent 
reflections after rotation of Palladium data to F-orthorhombic cell
After further work on the weighting scheme, with further solvent 
molecules added, the hydrogen atom positions calculated (dH=1.0A) and 
anisotropic temperature factors applied to the porphyrin, the R-factor 
reduced to 0.075, Rw =0.104, S=1.094.
This agreement factor appears to be good but investigation of the 
molecular geometry indicated the structure was highly distorted and must 
be incorrect. This suggests that although the pseudo symmetry must be 
very close, it is not the true symmetry. There was no evidence of 
disorder in the structure and it was not felt that the Fddd possibility
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would be worth investigating as it is so closely related to the Fdd2 
solution used.
2.2.1e Summary and a Possible Structure Solution
The refinements in both the monoclinic cell and the orthorhombic 
cell were poor and it was unclear as to the problem. The data averaging 
in the orthorhombic cell had indicated that the fit to orthorhombic 
symmetry was reasonably good. The resultant solution however gave a 
very distorted molecular geometry, though the R-factor was an acceptable 
0.075. The monoclinic refinement, as originally collected, did not cause 
as much distortion but the estimated standard deviations for bond lengths 
were large and the R-factor was high at 0.10 (Pd(IDT^BHPP and 0.20 for 
ZnGDT^BHPP. This could be due to the failure to successfully determine 
the positions of the solvent molecules which had failed to refine or to a 
more fundemental problem with the structure solution.
Photographic evidence could help resolve the problem, but obtaining 
these photographs generates its own problems. Attempts to obtain further 
photographs were made but unfortunately, the crystal could not be aligned 
because of the mounting method. Accurate alignment is essential because 
the very short reciprocal axes (long cell axes) makes it difficult to 
avoid overlap on the Veissenberg layer photographs. The nature of the 
problem requires a perfect set of photographs and even these may not 
have resolved the problem if the orientation was not correct.
Another possible solution was considered. In a truly monoclinic
system only one b-axis is permissible. The P d G D T ^ B H P P  monoclinic cell 
rotates to an orthorhombic cell, as shown previously (Figs 2.2 & 2.3),
2.18
with the b-axis as one of the orthorhombic cell axes. The Z n G D T G l H P P  
monoclinic cell, with a different b-axis, rotates to the same orthorhombic 
cell. The third axis in the orthorhombic cell could equally become the
b-axis in a third monoclinic cell which so far has not been considered.
From the apparent orthorhombic geometry (if it is not the true cell) of 
the lattice it is possible that the wrong b-axis had been chosen both 
times and the true cell was this third monoclinic one.
2.2.If The Correct Monoclinic Solution
To test this hypothesis the P d G D T ^ B H P P  data was corrected for a 
linear variation of the intensity reflection (222) of 4.4% during data 
collection and a semi-empirical absorption correction applied (PSI, North, 
Phillips & Mathews, 1968, minimum and maximum correction of 0.958 & 1.0 
respectively). The data was rotated to the third monoclinic cell (-1,0,-2;
-1,0,0; CELL 3, see earlier). Zones data and the N(z) cumulative
probability distribution indicated that the space group was C2/c. 235
systematically absent reflections were rejected.
A Patterson calculation located the palladium atom at 0J6M and 
refinement on this position reduced the R-factor to 0.38. A subsequent 
Fourier calculation located another 29 atoms (out of 44 symmetry 
independent atoms for the porphyrin molecule) and full-matrix least- 
squares refinement reduced R to 0.34. Although this is not a large 
decrease some promising aspects emerged,
i) the palladium atom was easily located, 
ii) the refinement had begun to converge, and 
iii) the peak search located the atom positions without difficulty.
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This is in strong contrast to the solution and refinements in the 1st and 
2nd (the zinc structure) monoclinic cells.
Subsequent difference Fourier calculations located the rest of the 
molecule and two cyclohexane solvent molecules, reducing the R-factor to
0.16. With an empirical absorption correction, DIFABS (Walker & Stuart, 
1983) applied (minimum and maximum correction 0.478 & 1.533
respectively), hydrogen positions calculated (dH=1.0A) and the heavy (Pd, 
0, N) atoms refined anisotropically, the R-factor was 0.11. A further 
difference Fourier calculation revealed a third solvent molecule, giving 
a calculated density of 0.819gcm-3. This is obviously more reasonable 
though still very low.
With the porphyrin molecule fully anisotropic and the solvent 
molecules refined isotropically R was further reduced to 0.084. A differ­
ence electron density map revealed two hydrogens (H7 & H8) from the 
porphyrin ring that had been accidentally ignored. This is noted as it 
was quite unexpected; with a heavy atom like palladium present hydrogen 
atoms are rarely located and this is taken as further proof that the 
solution is correct. Further refinement with these hydrogens added gave 
R=0.083, Rw=0.108 and S=0.986.
The bond lengths and angles in the cyclohexane molecules deviated 
substantially from those expected. It was decided to fix their positions 
in more reasonable geometry and to fix the isotropic temperature factor, 
Bi,0 , at 20.0. This is rather high but is justified from the Bi»0 found 
when temperature factors were refined. This had a small derogratory 
effect on the R-factors, R=0.086, Rw=0.113 (using a Cruickshank weighting
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scheme), S=1.026. All calculations were performed with the SDP package 
of crystallographic programs, version 1.1a (Frenz, 1983).
2.2.1g Other Crystalline forms of P d G D T ^ B H P P
Crystals of P d G D T ^ B H P P  from dichloromethane alone have been 
obtained by slow evaporation of the solvent in a fridge, those grown at 
room temperature being too small. It was surprising that no dichloro­
methane was found in the crystal structure described previously. 
Presumably when cyclohexane is not available then dichloromethane can be 
incorporated into the lattice, or perhaps within a different crystal 
lattice which has similar properties (i.e. it readily loses solvent). 
Although the crystals were apparently good (they had good morphology and 
rotated the plane of polarised light), once again they 'go off', presumably 
by loss of solvent. When viewed under a polarising microscope the trans­
lucent purple/red crystals gradually (over several minutes) darken to a 
very dark mauve (through which light did not pass) and readily crumble 
if touched. Attempts to mount one of these crystals in a capillary and 
either collect a data set or take photographs failed.
Crystals of P d G D T ^ B H P P  from toluene solution have also been 
obtained but poor crystal quality prevented data collection. The cell 
determined, by automatic search on the diffractometer, from a very thin 
platelet crystal was;
a=16.120 (7) 
b=24.85 (2) 
c=25.17 (2)
a=75.19(8) 
£=71.19 (5) 
*=71.22(5)
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Within experimental error (3<r) £=■* so a higher symmetry cell may be 
produced by Niggli cell reduction (see section 1.5.2), once a better 
quality crystal and hence more accurate cell is available. . The crystals 
grown from toluene do not appear to lose solvent, at least not as rapidly 
as those recrystallised from cyclohexane and/or dichloromethane. There 
is the possibility of a m-m interaction between the toluene and porphyrin 
which would help retain the solvent in the lattice. This is found in the 
isomorphous series, ZnTPP (Scheidt, Kastner & Hatano, 1978), MnTPP 
(Kirner, Reed & Scheidt, 1977) and CrTPP (Scheidt & Reed, 1978).
2.2.2 Zn(II)T*BHPP
The zinc(II) and palladium(IDT^BHPP structures are isomorphous and
were solved together so much of what has already been reported for
PdGDT^-BHPP (Section 2.2.1) applies also to the zinc complex.
The preparation of Z n G D T ^ B H P P  has been reported (Traylor, Nolan &
Hildreth, 1983) and suitable crystals for X-ray crystallography were
grown from a dichloromethane solution with cyclohexane layered on top.
The crystals obtained were dark purple diamond shaped prisms, the one
used for data collection measuring 0.5 x 0.5 x 0.6 mm. The crystals were
known to be unstable due to loss of solvent (Golder, 1984) and were
mounted wet in capillaries as described earlier (Section 1.4).
The previous attempt to solve the structure (Golder, 1984) had been
based on the cell;
a=26.83 (1) cx= 90.0
b=31.96 (2) £=134.07(3)
c=19.28 (1) T= 90.0
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which is identical (within 300 to that found for PdGDT^BHPP. It is now 
clear why this failed to refine below R=0.36, with the zinc(II) ion at 
0,0.126,0.25.
For this latest determination accurate unit cell parameters were 
measured as described (Section 1.4) and the data collected with Mo(K«) 
radiation in a q -20 scan mode. The located triclinic cell is (within 3<r) 
identical to that found for PdGDT^BHPP) transformed to a monoclinic C- 
centred cell by Delauney reduction;
a=19.366 (56) a=54.715(45)
b=20.910 (6) £=61.46(27)
c=21.265(16) -*=63.60(15)
Monoclinic cell (CELL 2)
a=26.847 (4) <x= 90.0
b=27.966 (7) £=129.92(1)
c=20.907 (3) •*= 90.0
Table 2.3 summarizes the data collection parameters. As was noted 
above (2.2.1b) this cell was mistaken as being the same as that used for 
the P d G D T ^ B H P P  data collection because £^130<’. Delauney reduction also 
transformed this monoclinic cell to the F-centred orthorhombic cell 
discussed previously. Attempts to solve and refine the structure in the 
monoclinic CELL 2 and the F CELL proved difficult and as with the 
palladium refinements the final e.s.d.'s on bond angles and distances were 
high and the geometry poor. As with the palladium structure CELL 3 
proved to be the correct solution.
The collected data was corrected for linear decay (-4.1%) but no 
'Chi90' data was available for absorption correction. The data was then 
rotated (0,-l,0; -1,0,0; -&,&,-!) and any equivalent reflections removed.
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Compound Z n G D T ^ B H P P
Formula C-7gHs2:N a Oa ZTI .4 C g H  1 2
F.W., amu 1527.63
Temp K 293
Cryst. system Monoclinic
Space group C2/c
a, A 27.966(7) (Final cell not as collected)
b, A 26.847(4)
c, A 21.275(2)
oc, deg 90.0
£, deg 131.09(3)
deg 90.0
V, A3 12038(11)
Z 4
F (000) 3320
De«ic, Mg m “3 0.843 (including solvent)
Cryst. dimens, mm 0.5 x 0.5 x 0.6
Radiation Ma(K<*) (X=0.71069A)
Monochromator graphite
p, cm-1 2.5
Scan type o-28
Geometry bisecting
8 range, deg 1-24
Indices collected 0(h(30, 0(k(32, -23(1(23
Reflections 9425 measd; 4307 used (I>2o'(I))
Scan speed, deg
min-1 5
No. of least-square
parameters 317
Data/parameters 13.6
R 0.100
Rw 0.099
S 1.64
Table 2.3 Summary of Crystallographic Parameters for ZnCIDT^BHPP
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The structure was solved by Patterson and Fourier calculations in C2/c 
with the zinc(II) ion located on the 2-fold axis (0y& y=0.375>. Four 
ordered cyclohexane solvent molecules were located in difference Fourier 
calculations. Hydrogen atoms were add in calculated positions (dH=1.0A) 
to the porphyrin molecule and an absorption correction by DIFABS (Walker 
& Stuart, 1983) applied (minimum and maximum corrections 0.385 and 1.530 
respectively). Attempts to refine the cyclohexane molecules isotropically 
resulted in poor geometry so they were fixed in their original positions 
with Bi»o=20.0. Although this is high it is not unreasonable for a 
solvate molecule that is not held firmly in the lattice. Full matrix 
anisotropic refinement, first on the heavy atoms, then for all porphyrin 
non-hydrogen atoms converged at R=0.100, R«=0.099 (using a Cruickshank 
polynomial weighting scheme), S=1.64 for 4307 reflections (1)2.00'(I)).
The effects of various weighting schemes, chiefly polynomials in F, 
on refinement were investigated assuming a normal distribution of errors 
over the whole range of F values. The quantity S, the estimated standard 
deviation of an observation with unit weight, which should ideally be 1.0, 
was the criterion for best fit - the fit in the case of Zn (IDT^BHPP was 
poor but could not be improved.
The largest shift/error was 0.43, associated with the zinc ion and 
the highest peak in a final difference map was 0.27e/A3 , associated with 
one of the cyclohexane solvate molecules. All calculations were performed 
with the SDP package of crystallographic programs, version 1.1a (Frenz, 
1983).
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2.2.3 HzT^BHPP
The structure of HsT^BHPP has not been solved, due to very poor data 
quality. However the cell obtained from the diffractometer automatic 
search was identical to CELL 2 and so it is assumed that the structure is 
isomorphous with the Pd(II) and Zn(II) complexes.
The preparation of HzT^BHPP has been reported (Traylor, Nolan & 
Hildreth, 1983) and a suitable crystal was grown as described for the 
zinc and palladium structures (detailed above).
Data was collected as described previously (Section 1.5) using 
Mo(K<x) radiation and a 0-28 scan mode. The cell obtained was, after 
Delauney reduction and rotation to the corrected cell (CELL 3);
The large deviations on the cell constants indicate that the quality 
of the crystal is not good, however, no better crystal was found from 
those screened and the mounting technique ruled out better selection. An 
attempt was also made to re-grow the crystals and collect a data set 
using copper radiation. However no suitable crystal could be mounted 
from which to collect a new data set. Data collection parameters are 
summarized in Table 2,4.
Attempts to solve the crystal structure, both by MULTAN (Main et 
al; 1978) and SHELX-86 (Sheldrick G.M., 1985) failed. Even using the co­
ordinates determined for Pd (IDT^BHPP (with the Pd removed) refinement 
was not possible. This is believed to be due to the very poor data 
quality as all the available evidence suggests the the structure is indeed
a=27,92 (2) 
b=26.83 (3) 
c=21.263 (12)
a=90.0
£=131.00(4)
■*=90.0
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isomorphous with the Zn(II) and P d G D T ^ B H P P  structure. All calculations, 
except SHELX-86, were performed with the SDP package of crystallographic 
programs (Frenz, 1983).
Compound HaT^BHPP
Formula C7eH94.MAOA.XCeH! 2
F.W., amu 1127.60 (excluding unknown quantity of solvent)
Temp K 293
Cryst. system Monoclinic
Space group C2/c
a, A 27.92 (2)
b, k 26.83 (3)
c, k 21.263(12)
<x, deg 90.0
£, deg 131.00(4)
V, deg 90.0
V, A3 12020(15)
Z 4
F (000) 2440 (excluding unknown quantity of solvent)
Dcaic, Mg m 3 0.623 (excluding unknown quantity of solvent)
Cryst. dimens, mm 0.65 x 0.45 x 0.4
Radiation Mo(K«) (X=0.71069A)
Monochromator graphite
/i, cm-1 1.7
Scan type gj-20
Geometry bisecting
0 range, deg 1-24
Indices collected 0(h(32, 0(k(30, -24(1(24
Reflections 9424 measd; 1803 used (I>3o,(I))
Scan speed, deg
min-1 3.3
Table 2.4 Summary of Crystallographic Parameters for HzT^BHPP
2.3 Results and Discussion
2.3.1 P d G D T ^ B H P P
Figure 2.4 gives an ORTEP (Johnson, 1965) drawing of the molecule 
and gives the numbering scheme. Tables 2.5 and 2.6 give the atomic 
positions and anisotropic temperature factors (U's). Table 2.7 summarizes
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the averaged bond and angle data, assuming 4-fold symmetry of the 
porphyrin core. Full bond length and angle tables, positional parameters 
including hydrogen atoms, and FoFc tables are given in Appendix A. Two 
packing diagrams are given in Figures 2.5 and 2.6, one showing the 
solvate molecules and the other the hydrogen-bonded sheets in the 
structure. Deviations from the least-squares planes are given in 
Appendix A and this planes data is summarized in Figure 2.7. This shows 
the porphyrin ring to be very planar, with a maximum deviation of 
-0.018<8)A (at the 3o' level this is indistinguishable from zero) and the 
palladium atom accurately centred in this plane. This is in strong 
contrast to the very puckered nature of N K I D T ^ B H P P  (Chapter 3).
The structure can be compared to PdTPP (Fleischer, Miller & Vebb, 
1964), although the poor refinements in both cases, with large standard 
deviations on bond lengths and angles, precludes too rigorous a com­
parison between the structures. The PdTPP symmetry requires that the 
porphyrin shows 4 (S*) geometry and so the molecule is puckered like
MiT^BHPP. The deviation of the mesa-carbon is ± 0.38A from the 24 atom 
plane, in comparison to ± 0.54A for HidDT^BHPP. The Pd-N distance in 
PdTPP is 2.009(9)A compared to 2.022(7)A in PddDT^BHPP. Statistically, 
at a 3<r level these are equivalent, although some difference is expected 
as one is puckered (PdTPP), allowing a closer contact, and one planar 
(PdT*BHPP).
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CC46)<
CC44)
f CC385VCC40) 
'CC36)
ICC39)
NC3)^ CC10)
NC2)
CC4)
Figure 2.4 OSTEP drawing (Johnson, 1965) of PdCIDT^BHPP, 
with 30% ellipsoids, showing the numbering scheme used. 
ZnGDTGJHPP is very similar although the elliisoids are larger
Figure 2.5 Stereoview of packing diagram viewed along y. 
Vote the trapped cyclohexane solvate
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Figure 2.6 Packing diagram showing hydrogen-bonded 
sheet diagonally through the cell
2
■2
Figure 2.7 Deviations from mean porphyrin plane <PC> 
for PdCIDT^BHPP and ZndDT^BHPP C m 0.01 A units)
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Atos X Y z B.c
PD 0.500 0.37504(3) 0.750 2.44(1)
0(1) 0.2874(3) 0.1493(2) 0.3286(3) 7.4(2)
0(2) 0.2918(3) 0.6012(3) 0.3300(3) 7.6(2)
N(l) 0.500 0.2996(3) 0.750 3.2(2)
N(2) 0.4369(2) 0.3750(2) 0.6235(2) 3.0(1)
N(3) 0.500 0.4500(3) 0.750 3.2(2)
C(3) 0.4791(3) 0.2182(2) 0.7088(4) 4.6(2)
C(4) 0.4654(2) 0.2688(2) 0.6808(3) 3.7(1)
C(5) 0.4244(2) 0.2845(2) 0.5987(3) 3.2(1)
C(6) 0.4114(2) 0.3335(2) 0.5723(3) 3.2(1)
C(7) 0.3686(3) 0.3506(3) 0.4878(3) 3.9(2)
C (8) 0.3695(3) 0.3996(3) 0.4874(3) 3.9(2)
C(9) 0.4110(2) 0.4164(2) 0.5722(3) 3.3(1)
C(10) 0.4244(2) 0.4655(2) 0.5989(3) 3.5(1)
C(ll) 0.4655(2) 0.4807(2) 0.6804(3) 3.5(1)
C(12) 0.4792(3) 0.5318(2) 0.7079(4) 4.7(2)
C (21) 0.3902(3) 0.2456(3) 0.5309(3) 3.9(2)
C (22) 0.4040(3) 0.2418(3) 0.4787(3) 4.1(2)
C(23) 0.3707(3) 0.2099(3) 0.4107(3) 4.5(2)
C (24) 0.3848(3) 0.2081(4) 0.3527(4) 6.0(2)
C(25) 0.4359(4) 0.2463(5) 0.3777(4) 8.1(3)
C (26) 0.3267(4) 0.2203(5) 0.2638(4) 8.0(3)
C(27) 0.4094(4) 0.1553(5) 0.3564(5) 8.4(3)
C (28) 0.3229(3) 0.1809(3) 0.3971(4) 4.9(2)
C(29) 0.3088(3) 0.1835(3) 0.4499(3) 4.4(2)
C(30) 0.2545(3) 0.1526(4) 0.4316(5) 6.8(2)
C (31) 0.2556(3) 0.1570(4) 0.5061(5) 8.7(3)
C (32) 0.2624(5) 0.0971(5) 0.4261(7) 11.9(4)
C(33) 0.1902(4) 0.1684(6) 0.3525(6) 9.6(4)
C (34) 0.3437(3) 0.2167(3) 0.5157(3) 4.1(2)
Table 2.5 Fractional atomic coordinates with e.s.d.'s in parentheses 
and B«q thermal parameters (A2). The 8**, values are calculated 
according to the equation
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HLUM X y i JD«*d
CC35) 0.3903(2) 0.5042(3) 0.5305(3) 3.7(2)
C(36) 0.3254(2) 0.5080(3) 0.4790(3) 4.0(2)
C (37) 0.2905(3) 0.5403(3) 0.4103(3) 4.3(2)
CC38) 0.2177(3) 0.5419(3) 0.3520(4) 6.0(2)
C(39) 0.1923(3) 0.5042(5) 0.3788(5) 8.3(3)
C(40) 0.1869(4) 0.5288(5) 0.2636(5) 7.6(3)
C (41) 0.1976(4) 0.5942(5) 0.3576(6) 9.1(3)
C(42) 0.3241(3) 0.5690(3) 0.3963(4) 5.1(2)
C (43) 0.3910(3) 0.5665(3) 0.4495(4) 4.5(2)
C (44) 0.4270(3) 0.5984(3) 0.4320(4) 6.6(2)
C (45) 0.5001(4) 0.5923(4) 0.5045(5) 8.4(3)
C(46) 0.4143(5) 0.6526(5) 0.4266(8) 12.0(5)
C (47) 0.4132(4) 0.5811(5) 0.3542(5) 9.8(3)
C(48) 0.4221(2) 0.5338(3) 0.5158(3) 3.9(2)
C(110) 0.702 0.192 0.776 20.0*
C(lll) 0.691 0.140 0.772 20.0*
C(112) 0.609 0.134 0.710 20.0*
C(113) 0.571 0.166 0.630 20.0*
C(114) 0.591 0.219 0.660 20.0*
C(115) 0.664 0.224 0.699 20.0*
C(210) 0.671 0.390 0.235 20.0*
C(211) 0.643 0.385 0.285 20.0*
C(212) 0.689 0.411 0.373 20.0*
C(213) 0.683 0.464 0.344 20.0*
C(214) 0.724 0.474 0.315 20.0*
C(215) 0.675 0.445 0.227 20.0*
C(310) 0.593 0.001 0.519 20.0*
C(311) 0.567 -0.042 0.478 20.0*
C(312) 0.544 -0.050 0.392 20.0*
C(313) 0.510 -0.010 0.342 20.0*
C(314) 0.521 0.040 0.366 20.0*
CC315) 0.567 0.050 0.461 20.0*
Table 2.5 /cant
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Naie U(l,l> U(2f2) U (3,3) U(l,2) U(l,3) U (2,3)
PD 0.0316(1) 0.0308(3) 0.0310(1) 0 0.02089(9) 0
01 0.104(3) 0.095(4) 0.084(2) -0.043(3) 0.062(1) -0.056(2)
02 0.090(3) 0.099(4) 0.084(2) 0.029(3) 0.050(2) 0.058(2)
N1 0.045(2) 0.036(3) 0.038(2) 0 0.026(1) 0
N2 0.043(1) 0.037(2) 0.031(1) 0.000(2) 0.0230(8) 0.002(2)
N3 0.039(2) 0.038(4) 0.037(2) 0 0.022(1) 0
C3 0.079(3) 0.029(3) 0.059(2) -0.002(3) 0.042(2) -0.006(2)
C4 0.054(2) 0.040(3) 0.042(2) -0.002(2) 0.030(1) -0.004(2)
C5 0.046(2) 0.038(3) 0.041(2) -0.010(2) 0.030(1) -0.013(2)
C6 0.040(2) 0.046(3) 0.035(2) -0.010(2) 0.025(1) -0.005(2)
C7 0.047(2) 0.059(4) 0.030(2) -0.012(2) 0.021(1) -0.007(2)
C8 0.049(2) 0.055(4) 0.032(2) -0.001(2) 0.021(1) 0.008(2)
C9 0.038(2) 0.044(3) 0.039(2) -0.001(2) 0.023(1) 0.009(2)
CIO 0.047(2) 0.039(3) 0.042(2) 0.002(2) 0.028(1) 0.014(2)
Cll 0.042(2) 0.041(3) 0.041(2) 0.003(2) 0.024(1) 0.006(2)
C12 0.074(3) 0.030(3) 0.059(2) 0.006(3) 0.038(2) 0.005(2)
C21 0.057(2) 0.048(3) 0.044(2) -0.003(2) 0.033(1) -0.009(2)
C22 0.057(2) 0.054(4) 0.052(2) -0.010(2) 0.038(1) -0.008(2)
C23 0.061(2) 0.059(4) 0.051(2) -0.009(3) 0.037(1) -0.018(2)
C24 0.080(2) 0.094(6) 0.080(2) -0.026(3) 0.065(1) -0.031(3)
C25 0.121(3) 0.140(8) 0.089(2) -0.046(4) 0.086(2) -0.045(4)
C26 0.116(4) 0.130(9) 0.070(3) -0.017(5) 0.066(2) -0.017(4)
C27 0.099(3) 0.133(8) 0.112(3) -0.008(4) 0.081(2) -0.041(4)
C2B 0.068(3) 0.058(4) 0.057(2) -0.018(3) 0.041(2) -0.024(3)
C29 0.060(2) 0.053(4) 0.061(2) -0.018(2) 0.043(1) -0.017(3)
C30 0.087(3) 0.075(5) 0.117(3) -0.038(3) 0.076(2) -0.040(4)
C31 0.123(3) 0.120(7) 0.139(3) -0.066(4) 0.108(2) -0.042(4)
Table 2.6 Anisotropic temperature factors. The temperature factor 
expression for the non-hydrogen atoms is exp<-2x2{Un (ha*)2 + 
UzzCkb*)2 + Uaadc*)2 + 20i2ha*kb* + 2Ui 3ha*lc* + 2U23k;b*lc*))
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Naee U(l,l) U (2,2) 11(3,3) U(l,2) 11(1,3) U(2,3)
C32 0.224(5) 0.090(6) 0.220(6) -0.081(5) 0.182(3) -0.063(5)
C33 0.078(4) 0.18(1) 0.113(4) -0.044(5) 0.065(3) -0.050(6)
C34 0.063(2) 0.045(3) 0.056(2) -0.009(2) 0.044(1) -0.005(2)
C35 0.044(2) 0.047(3) 0.040(2) 0.011(2) 0.024(1) 0.011(2)
C36 0.047(2) 0.055(4) 0.051(2) 0.003(2) 0.032(1) 0.011(2)
C37 0.048(2) 0.058(4) 0.053(2) 0.013(3) 0.032(1) 0.019(3)
C3B 0.051(3) 0.089(5) 0.078(3) 0.023(3) 0.038(2) 0.035(3)
C39 0.043(3) 0.149(9) 0.092(4) 0.011(4) 0.031(2) 0.047(5)
C40 0.059(3) 0.135(9) 0.069(4) 0.008(5) 0.031(2) 0.022(5)
C41 0.093(4) 0.140(8) 0.124(4) 0.051(5) 0.077(3) 0.059(5)
C42 0.069(3) 0.059(4) 0.059(2) 0.018(3) 0.040(2) 0.030(3)
C43 0.051(2) 0.058(4) 0.061(2) 0.008(3) 0.036(1) 0.018(3)
C44 0.088(3) 0.071(5) 0.110(3) 0.010(3) 0.074(2) 0.037(3)
C45 0.083(3) 0.112(7) 0.138(4) -0.001(4) 0.079(2) 0.044(4)
C46 0.128(5) 0.081(6) 0.252(8) 0.011(5) 0.127(4) 0.060(5)
C47 0-128(4) 0.16(1) 0.132(4) 0.023(5) 0.104(2) 0.051(5)
C48 0.048(2) 0.045(3) 0.053(2) 0.004(2) 0.033(1) 0.011(2)
Table 2.6 /cant
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K F 2.022 (7) 3 X F' 90 .0 (2 )
F Coc 1.384(6) X X F" 180.0(2)
Coc Cb 1.432 (7) X F Coc 126.5 (4)
Cb Cb 1.329(8) Coc F Coc- 106.9 (5)
C« Cm 1.380(8) F Co, Ce 108.3(5)
Cm Cp 1.509 (8) F Coc Cm 125.7 (5)
C 0 1.379(9) Coc C b Cb - 108.2 (5)
K Coc 3.058 (5) Coc Cm Coc- 125.5 (5)
X Cm 3.431(6) Cb Coc Cm 126.0(5)
F r 2.860(7)
F F" 4.041(10)
N^N',adjacent nitrogens; N^ N11,opposite nitrogens 
Table 2.7 Average bond distances <A) and angle (*) in  Pd(II)Td3HPP
2.3.2 Z n d i m B H P P
The molecular geometry, packing and numbering scheme are the same 
as used for P d d D T ^ B H P P  so Figures 2.4-2.6 are appropriate. Table 2.8 
summarizes the averaged bond and angle data, assuming 4-fold symmetry of 
the porphyrin core. Tables 2.9 and 2.10 give the atom positions and 
anisotropic temperature factors (U's) respectively. Full bond length and 
angle tables, positional parameters including hydrogen atoms, and F0FC 
tables are given in Appendix B.
Deviations from the least-squares planes are given in Appendix B 
and this planes data is summarized in Figure 2,7. This shows the 
porphyrin ring to be very planar, with a maximum deviation of -0.024(11)A 
(at the 3<r level this is indistinguishable from zero) and the zinc 
accurately centred in this plane as for the isomorphous palladium 
structure.
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M H 2.041(8) F M F' 90 .0 (3 )
N C« 1.366(12) F K F" 179.8 (4)
Co. Cb 1.440(14) M F Coc 126.6 (5)
Cb Cb 1.35 (2) Co, F Co,- 107.8 (9)
C„ Cm 1.392(14) F Co, Cb 108.7(8)
Cm Cp 1.491(13) F Coc Cm 126.6 (9)
C 0 1.377(12) Coc Cb Cb ' 107.3 (9)
M Coc 3.052 (9) Coc Cm Coc- 124.5 (9)
K Cm 3.441(9) Cb Co, Cm 124.6 (8)
H F' 2.886(11)
H F" 4.082(11)
N ^ N '.adjacent nitrogens; N 4 N " , o p p o s i t e  nitrogens  
Table 2.8 Average bond distances (A) and angle C> in ZnCIDT^BHPP
2,3.3 General Discussion
v In comparison to Hi(IDT^BHPP which shows a contracted core (see^ 
1.6), P d d D T ^ B H P P  shows an 'average' core - the CocHCoc, CocCbCb, CBC«Cm, 
and particularly the CocCmCoc are all opened out compared to those in
JidDT^BHPP.
An interesting aspect of the structures is that the molecules are 
hydrogen-bonded together in sheets (Fig 2.6), with an 0---0 distance of 
2.849(7)A (Pd) and 2.852(10)A (Zn). The solvent molecules are sited 
between these sheets and it is unclear why they are structurally so 
important - it has been shown that loss of solvent destroys the order;
i.e. no diffraction occurs. However, with the porphyrin molecules all 
neatly lined in sheets one could expect that this is what defines the 
order of the structure. If the interaction between these sheets is very 
weak then the cyclohexane molecules could be holding the sheets together, 
by a non-bonding Van der Vaals type interaction. There are no inter-
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At OB X y - z B«q
;n 0.500 0.37504(7) 0.750 2.80(4)
0(1) 0.2873(3) 0.1485(3) 0.3293(4) 6.9(3)
0(2) 0.2922(3) 0.6007(3) 0.3295(4) 6.9(3)
N(l) 0.500 0.2989(4) 0.750 2.7(3)
N(2) 0.4364(3) 0.3754(4) 0.6227(3) 2.7(2)
N(3) 0.500 0.4510(4) 0.750 3.1(3)
C (3) 0.4797(5) 0.2171(4) 0.7082(5) 4.5(3)
C(4) 0.4658(4) 0.2683(4) 0.6812(5) 3.3(3)
C(5) 0.4246(4) 0.2844(4) 0.5983(4) 3.1(3)
C (6) 0.4125(3) 0.3340(4) 0.5733(4) 3.1(2)
C(7) 0.3683(4) 0.3493(4) 0.4871(5) 3.6(3)
C(8) 0.3685(4) 0.4004(4) 0.4872(5) 3.8(3)
C (9) 0.4103(3) 0.4164(4) 0.5726(5) 2.9(3)
C(10) 0.4245(4) 0.4660(4) 0.5988(5) 3.3(3)
C(ll) 0.4661(4) 0.4809(4) 0.6813(5) 3.8(3)
C(12) 0.4791(5) 0.5319(4) 0.7088(5) 4.5(3)
C (21) 0.3905(4) 0.2464(4) 0.5308(5) 3.0(3)
C(22) 0.4024(4) 0.2418(4) 0.4767(5) 4.0(3)
C (23) 0.3705(4) 0.2098(4) 0.4106(5) 3.9(3)
C(24) 0.3851(5) 0.2074(5) 0.3533(6) 6.0(4)
C (25) 0.4361(5) 0.2448(6) 0.3782(6) 8.5(4)
C(26) 0.3272(5) 0.2202(6) 0.2649(6) 7.1(4)
C (27) 0.4085(5) 0.1562(6) 0.3563(6) 7.2(4)
C(28) 0.3228(4) 0.1804(4) 0.3973(5) 4.5(3)
C (29) 0.3097(4) 0.1824(4) 0.4500(5) 4.0(3)
C(30) 0.2576(4) 0.1503(5) 0.4361(6) 6.2(4)
C (31) 0.2565(5) 0.1567(6) 0.5051(7) 8.6(4)
C(32) 0.2658(6) 0.0954(6) 0.4303(8) 9.5(5)
Table 2.9 Fractional atomic coordinates with e.s.d.'s in parentheses 
and B»d thermal parameters (A2). The B«<, values are calculated 
according to the equation B^=A/3 XiEjBijai.a.j.
2.37
Atoc X y z B « qi
C (33) 0.1913(5) 0.1668(7) 0.3546(8) 10.3(6)
C (34) 0.3441(4) 0.2162(4) 0.5160(5) 4.1(3)
C (35) 0.3899(4) 0.5037(4) 0.5303(5) 3.4(3)
C (36) 0.3249(4) 0.5084(4) 0.4769(5) 3.7(3)
C (37) 0.2902(4) 0.5401(4) 0.4099(5) 3.9(3)
C( 38) 0.2186(5) 0.5422(5) 0.3533(6) 6.0(4)
C (39) 0.1925(5) 0.5050(6) 0.3793(7) 8.3(5)
C (40) 0.1872(5) 0.5291(6) 0.2642(7) 6.9(5)
C (41) 0.1976(5) 0.5933(6) 0.3568(7) 7.3(4)
C(42) 0.3245(4) 0.5696(4) 0.3969(5) 4.3(3)
C (43) 0.3909(4) 0.5680(4) 0.4497(5) 4.1(3)
C (44) 0.4279(5) 0.5997(5) 0.4355(7) 6.6(4)
C (45) 0.4989(5) 0.5926(6) 0.5047(8) 9.4(5)
0(46) 0.4154(6) 0.6543(6) 0.4309(8) 9.5(6)
C (47) 0.4120(5) 0.5816(7) 0.3530(7) 9.8(5)
C(48) 0.4219(4) 0.5340(4) 0.5154(5) 4.1(3)
C(110) 0.333(1) 0.443(2) 0.285(2) 20.0*
C(lll) 0.329(1) 0.389(2) 0.263(2) 20.0*
C(112) 0.359(1) 0.383(2) 0.224(2) 20.0*
C (113) 0.302(1) 0.409(1) 0.134(2) 20.0*
CUM) 0.317(1) 0.466(1) 0.157(2) 20.0*
C(115) 0.289(1) 0.471(2) 0.205(2) 20.0*
C(210) 0.682(1) 0.133(2) 0.762(2) 20.0*
C(211) 0.613(1) 0.123(2) 0.712(2) 20.0*
C(212) 0.571(1) 0.161(1) 0.636(2) 20.0*
C(213) 0.582(1) 0.212(1) 0.652(2) 20.0*
C(2M) 0.655(1) 0.215(2) 0.697(2) 20.0*
C(215) 0.696(1) 0.184(2) 0.784(2) 20.0*
Table 2.9 /cont
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Atom X y z B.c
C(310) 0.513(1) 0.033(1) 0.364(2) 20.0*
C(311) 0.520(1) -0.023(1) 0.355(2) 20.0*
C(312) 0.549(1) -0.050(1) 0.437(2) 20.0*
C(313) 0.586(1) -0.023(1) 0.508(2) 20.0*
C(314) 0.593(1) 0.023(1) 0.509(2) 20.0*
C(315) 0.558(1) 0.059(2) 0.434(2) 20.0*
C(410) 0.666(1) 0.284(1) 0.503(2) 20.0*
C(411) 0.679(1) 0.232(1) 0.511(2) 20.0*
C(412) 0.620(1) 0.198(2) 0.434(2) 20.0*
C(413) 0.596(1) 0.223(1) 0.358(2) 20.0*
C(414) 0.572(1) 0.275(1) 0.348(2) 20.0*
C(415) 0.641(1) 0.297(1) 0.416(2) 20.0*
Table 2.9 /cont
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Naae U(U> U(2,2) U(3,3) U(1,2) U(1,3) 11(2,3)
ZN 0.0349(5) 0.0355(8) 0.0356(5) 0 0.0230(3) 0
Oi 0.096(4) 0.083(6) 0.073(3) -0.046(4) 0.052(2) -0.052(4)
02 0.083(4) 0.085(6) 0.086(3) 0.024(4) 0.052(2) 0.054(4)
HI 0.041(4) 0.025(6) 0.035(4) 0 0.023(3) 0
N2 0.032(2) 0.040(4) 0.027(2) -0.008(4) 0.018(1) -0.004(4)
N3 0.043(4) 0.028(6) 0.033(4) 0 0.020(3) 0
C3 0.071(5) 0.036(6) 0.053(4) -0.002(5) 0.036(3) -0.005(4)
C4 0.045(4) 0.033(5) 0.042(3) -0.007(4) 0.027(2) -0.008(4)
C5 0.044(3) 0.045(6) 0.038(3) -0.009(4) 0.032(2) -0.009(4)
C6 0.042(3) 0.041(6) 0.047(3) -0.002(4) 0.035(2) 0.002(4)
C7 0.042(4) 0.057(7) 0.033(3) -0.014(4) 0.023(2) -0.006(4)
C8 0.041(4) 0.060(7) 0.033(3) -0.010(5) 0.020(2) 0.001(4)
C9 0.032(3) 0.038(6) 0.036(3) 0.002(4) 0.020(2) 0.006(4)
CIO 0.033(4) 0.046(6) 0.041(4) 0.003(4) 0.022(2) 0.004(4)
Cll 0.047(4) 0.039(6) 0.050(4) -0.001(5) 0.029(3) 0.005(5)
C12 0.062(5) 0.036(6) 0.050(4) 0.013(5) 0.028(3) 0.007(4)
C21 0.036(3) 0.037(6) 0.045(3) -0.003(4) 0.023(2) -0.007(4)
C22 0.054(4) 0.041(6) 0.046(4) -0.015(5) 0.029(3) -0.013(4)
C23 0.049(4) 0.052(7) 0.048(4) -0.005(5) 0.032(2) -0.011(4)
C24 0.079(5) 0.10(1) 0.067(4) -0.016(6) 0.055(3) -0.030(6)
C25 0.136(6) 0.14(1) 0.105(5) -0.064(7) 0.103(3) -0.059(7)
C26 0.111(6) 0.11(1) 0.074(4) -0.024(7) 0.072(3) -0.024(6)
C27 0.093(5) 0.11(1) 0.091(5) 0.011(7) 0.069(3) -0.019(6)
C2B 0.058(4) 0.053(7) 0.062(4) -0.005(5) 0.040(3) -0.023(5)
C29 0.047(4) 0.052(7) 0.054(4) -0.018(5) 0.034(2) -0.016(5)
C30 0.079(4) 0.072(8) 0.116(5) -0.033(5) 0.077(3) -0.033(6)
C31 0.133(5) 0.11(1) 0.143(5) -0.062(7) 0.119(3) -0.043(7)
C32 0.161(7) 0.08(1) 0.178(7) -0.048(7) 0.137(4) -0.042(8)
Table 2.10 Anisotropic temperature factors. The temperature factor 
expression for the non-hydrogen atoms is exp(-2it2iUn <ha*)2 + 
022<kb*)2 + U33<lc*)2 + 2U12ha*kb* + 2Ui aha^lc* + 2 U23 kb*lc*> >
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Naae U (i,l) U(2,2) U(3,3) U(1,2) U (1,3 > U (2,3)
C33 0.080(6) 0.18(2) 0.134(B) -0.061(9) 0.072(4) -0.06(1)
C34 0.066(4) 0.045(7) 0.051(4) -0.005(5) 0.041(2) -0.004(4)
C35 0.053(4) 0.039(6) 0.043(3) 0.009(4) 0.033(2) 0.010(4)
C36 0.043(4) 0.047(6) 0.046(4) 0.006(4) 0.028(2) 0.015(4)
C37 0.039(4) 0.055(7) 0.049(4) 0.009(5) 0.026(3) 0.014(5)
C3S 0.048(5) 0.087(9! 0.072(5) 0.014(6! 0.031(3) 0.027(6!
C39 0.059(5) 0.13(1) 0.107(6) 0.011(7) 0.049(4) 0.061(7)
C40 0.049(5) 0.12(1) 0.070(6) 0.005(7) 0.030(4) 0.009(8)
C41 0.071(5) 0.13(1) 0.079(5) 0.033(7) 0.049(3) 0.027(7)
C42 0.053(4) 0.053(7) 0.047(4) 0.024(5) 0.028(3) 0.024(5)
C43 0.054(4) 0.048(7) 0.059(4) 0.005(5) 0.039(3) 0.015(4)
C44 0.078(5) 0.068(8) 0.115(6) 0.013(6) 0.068(3) 0.044(5)
C45 0.076(5) 0.12(1) 0.158(7) 0.003(7) 0.076(4) 0.057(8)
C46 0.110(7) 0.08(1) 0.172(B) 0.005(7) 0.095(5) 0.046(8)
C47 0.107(6) 0.17(2) 0.127(6) 0.011(8) 0.092(3) 0.057(8)
C4B 0.044(4) 0.051(7) 0.051(4) 0.005(5) 0.027(3) 0.011(5)
T ab le 2.10 /c o n t
a c t io n s  below  3.5A (excep t th e  H -bonds) in  th e  m o lecu le , th e  c lo s e s t  
c o n ta c t between th e  p o rp h y r in  and a cyc lohexane  is  3.79A (C 3 2 ---C 2 1 4 , Pd) 
and 3.77A (C 4 6 ---C 4 1 0 , Z n ), w ith  th e  c lo s e s t  c o n ta c t  between th e
p o rp h y r in s  o f  3.569A (C7- - - C31 ,  Pd) and 3.601A ( C8- - - C45,  Z n ).
The v e ry  low  d e n s it ie s ,  0.82 and 0.84 Hg m- 3  f o r  th e  p a lla d iu m  and 
z in c  s t r u c tu re  re s p e c t iv e ly  g iv e  g rounds  f o r  conce rn . The o n ly  e x p la n ­
a t io n  f o r  t h is  i s  th a t  th e  r e s t  o f  th e  s o lv e n t is  to o  d is o rd e re d  to  be 
de te rm in e d  -  th e re  appea rs to  be l i t e r a l l y  a 'sea ' o f  s o lv e n t  in  th e  
la t t i c e .  The v e ry  low  d e n s ity ,  th e  h yd ro g e n -b o n d in g  in  s h e e ts  and th e  
s t r u c tu r a l ly  im p o r ta n t b u t w eak ly  h e ld  s o lv e n t  m o lecu les  make t h i s  a v e ry  
unusua l s t ru c tu re .
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C h a p t e r  T h r e e
A Porphyrin with a Severely Ruffled Core. 
Crystal Structure of Fi <11)T^BHPP
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3.1 Introduction
Structure solution and refinement of the nickel(II) complex of 
T^BHPP was generally uncomplicated, the only major problem being the 
size of the computations involved - 85 non-hydrogen and 177 total 
atoms and 8919 observed reflections (1)3. 0<r (I)). Full anisotropic 
(non-hydrogens) refinement with 678 variables took 50 hours per full- 
matrix least-squares cycle on a PDP11/73. The nickel (II) ion is 
undersized compared to the porphyrin average core requirements so 
some contraction of the core in necessary; ruffling of the core is a 
particularly efficient way (see Section 1.6) of achieving 
compatibility. Planar contracted cores have been previously observed 
for some nickel(II) porphyrins, such as NiDeutDME (Hamor, Caughey & 
Hoard, 1965) where a balance between M-N bond strength, m-orbital 
stability and packing forces is apparent. The Ni (IDT^BHPP reported 
here shows severe ruffling of the porphyrin core and short Ni-N bond 
distances. The results of this structure investigation have already 
been published (Golder et al., 1988a (copy appended)).
3.2 Experimental
Violet rectangular plates were obtained, by slow evaporation of a 
concentrated solution of Ni (IDT^BHPP in dichloromethane, with cyclo- 
hexane layered on top. The crystal used for data collection measured 
0.88 x 0.75 x 0.18 mm.
Least-squares refinement on 25 automatically centered reflections 
gave a triclinic unit cell which did not transform by Delauney 
reduction and a dataset was collected normally (Chapter 1 and Table 
3.1). Linear and approximately isotropic decay ca. 2% was corrected
3.2
Compound M iGDT^ B H P P
Formula C-7eHs>zN jiQa N i
F.W., amu 1184.32
Temp K 293
Cryst. system Triclinic
Space group Pi
a, A 14.820(2)
b, A 15.398(2)
c, A 18.822(1)
a, deg 75.35(6)
0. deg 69.74 (3)
V, deg 87.31(3)
V, A3 3895(5)
Z 2
F(000) 1272
Dcaic * Mg m~3 1.010
Cryst. dimens, mm 0.88 x 0.75 x 0.18
Radiation Mo(K«) (X=0.71069A)
Monochromator graphite
p, cm- '* 2.91
Scan type Ci>-20
Geometry bisecting
8 range, deg 1-24
Indices collected 0(h( 17, -17(kU7, -2li.
Reflections 12187 measd; 8919 used
Scan speed, deg
min-1 3.3
No. of least-square
parameters 678
Data/parameters 13.2
R 0.068
Rw 0.103
S 1.882
Table 3.1 Summary of Crystallographic Parameters for IKIDT^BHPP
3.3
during processing, and a semi-empirical absorption correction, PS I 
(North, Phillips & Mathews, 1968) was applied. The results are 
summarized below;
Min. Absorption Correction 0.9159
Max. Absorption Correction 0.9991
Ave. Absorption Correction 0.9487
Min. transmission 83.89%
Max. transmission 99.83%
Avg. transmission 90.01%
The data was averaged to remove the duplicate reflections, 12187 
reflections being retained.
Direct methods, MULTAN (Main et al.t 1978), located 52 non­
hydrogen atoms including most of the porphyrin core and fragments of 
the phenyl rings and butyl groups. Full-matrix least-squares refine­
ment on these positions reduced R to 0.37. After a considerable 
number of Fourier and difference Fourier calculations, along with 
least-squares refinement, the remaining 85 atoms of the structure, had 
the expected geometry. Hydrogen atoms were added in calculated 
positions (dH= 0.97A) and further refinement reduced R to 0.15. 
Positional and anisotropic thermal parameters were refined for non­
hydrogen atoms, with hydrogen atoms fixed, and this converged at 
R=0.068, Rw=0.103 <w = 4Fo2i/(o'Fo:2)2 , p=0.07) and ESD=1.882. The
largest peak in a final difference electron density map was 0.944 
e/A3 . All calculations were performed using the SDP crystallographic 
package, version 1.1a (Frenz, 1983).
3.4
3.3 Results and Discussion
The structure of the complex and the numbering scheme adopted 
are shown in Figure 3.1. A stereoview of the molecule is given in 
Figure 3.2. Fractional atomic coordinates are listed in Table 3,2 with 
selected bond length and bond angles given in Table 3.3. Anisotropic 
thermal parameters for refined atomic positions are given in Table
3.4. Appendix C contains a full listing of bond angles and distances, 
positional parameter, (including hydrogen atoms) and F0F C tables.
X-ray analysis shows that the geometry about the nickel is 
essentially square planar with If-fli-tf bond angles all very close 
(within 0.7*) to 90* and with equal (within 3<r) Ni-N bond distances, 
Ii-N»v-g=1.913 (8)A. Chemically equivalent bond distances and angles in 
the ligand are virtually identical and do not differ significantly 
from four-fold symmetry. An interesting aspect of the structure is 
the marked non-planarity of the porphyrin core, which undergoes severe 
Sa ruffling such that the angles between adjacent pyrrole rings lie 
between 23.4* and 35.1* (Appendix C). The methine carbon atoms are 
alternately displaced by ±0.54A from the least squares plane Pc, 
defined by the four nitrogen and twenty carbon atoms of the porphyrin 
core (Appendix C). These deviations are shown schematically in Figure 
3.3. The phenyl rings lie at angles 75.1*, 83.4*, 77.9* and 63.3* to 
this plane. Some of these structural aspects are evident from the 
stereoview of the complex in Fig 3.2.
The compatibility between hole size and metal ion radius for 
macrocyclic ligands (Henrick, Tasker & Lindoy, 1985) and more 
specifically for porphyrins (Hoard, 1975), has been discussed. Most 
so-called planar porphyrin have angles 2-5 * between adjacent pyrrole
3.5
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Figure 3.1 ORTEP plot (Johnson, 1965) of FidDT^BHPP 
with 50% ellipsoids. A schematic diagram showing the 
numbering scheme is also given
3.6
Figure 3.2 Stereoview of JidDT^BHPP. Fote the very ruffled care
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Figure 3.3 Summary of least-squares planes data. Deviations 
(0.01 A) from the macrocycle core plane (Pc>
3.7
fitOffi X y 7 B.<,
NI 0.71233(3) 0.34212(3) 0.27699(3) 2.29(1)
01 0.1465(3) 0.6051(3) 0.4115(3) 7.0(1)
02 0.4649(3) -0.1793(2) 0.2752(2) 6.5(1)
03 1.2162(2) 0.0769(3) 0.3880(2) 6.2(1)
04 1.0533(3) 0.8673(2) 0.0440(2) 7.4(1)
Nl 0.6763(2) 0.4649(2) 0.2606(2) 2.95(8)
N2 0.5B31(2) 0.3024(2) 0.3001(2) 2.84(8)
N3 0.7492(2) 0.2200(2) 0.2920(2) 2.47(7)
N4 0.8420(2) 0.3810(2) 0.2560(2) 2.53(7)
Cl 0.7359(3) 0.5409(3) 0.2235(3) 3.2(1)
C2 0.6807(3) 0.6192(3) 0.2199(3) 4.5(1)
C3 0.5882(3) 0.5920(3) 0.2594(3) 4.6(1)
C4 0.5846(3) 0.4957(3) 0.2825(3) 3.4(1)
C5 0.5012(3) 0.4426(3) 0.3146(3) 3.4(1)
C6 0.5013(3) 0.3515(3) 0.3195(3) 3.4(1)
C7 0.4180(3) 0.2977(3) 0.3344(3) 4.9(1)
CB 0.4476(3) 0.2178(3) 0.3206(3) 5.1(1)
C9 0.5499(3) 0.2195(3) 0.3009(3) 3.4(1)
CIO 0.6059(3) 0.1467(3) 0.2911(2) 3.0(1)
Cll 0.6987(3) 0.1464(3) 0.2926(2) 2.74(9)
C12 0.7506(3) 0.0669(3) 0.3055(3) 3.7(1)
C13 0.8301(3) 0.0904(3) 0.3164(3) 3.7(15
C14 0.8313(3) 0.1858(3) 0.3060(2) 2.74(9)
C15 0.9071(3) 0.2366(3) 0.3026(2) 2.77(9)
C16 0.9129(3) 0.3299(3) 0.2743(2) 2.74(9)
Table 3.2 Fractional atomic coordinates with e.s.d.'s in parentheses 
and Boc thermal parameters (A2). The B®c? values are calculated 
according to the equation B®c=4t/3£iEjBijai.aj.
3.8
Atom V y z B«d
C17 0.9987(3) 0.3835(3) 0.2516(3) 3.7(1)
CIS 0.9812(3) 0.4662(3) 0.2172(3) 3.7(1)
C19 0.8830(3) 0.4659(3) 0.2209(2) 2.75(9)
C20 0.8355(3) 0.5425(3) 0.2004(2) 2.85(9)
C21 0.4061(3) 0.4860(3) 0.3395(3) 3.6(1)
C22 0.3545(3) 0.4721(3) 0.4182(3) 3.9(1)
C23 0.2665(3) 0.5118(3) 0.4451(3) 4.1(1)
C24 0.2135(4) 0.4978(4) 0.5335(3) 5.6(2)
nncLZJ 0.2669(6) 0.4398(6) 0.5809(4) 9.1(3)
C26 0.1126(5) 0.4528(5) 0.5574(5) 8.9(2)
C27 0.2039(6) 0.5885(5) 0.5551(4) 8.4(2)
C28 0.233B(3) 0.5643(3) 0.3880(3) 4.2(1)
C29 0.2838(3) 0.5803(3) 0.3077(3) 4.1(1)
C30 0.2467(4) 0.6402(4) 0.2473(3) 5.2(1)
C31 0.3163(6) 0.6491(6) 0.1647(4) 8.9(2)
C32 0.2370(5) 0.7362(5) 0.2576(4) 7.1(2)
C33 0.1515(5) 0.6048(5) 0.2509(4) 8.5(2)
C34 0.3704(3) 0.5383(3) 0.2854(3) 3.7(1)
C35 0.5646(3) 0.0607(3) 0.2880(2) 3.3(1)
036 0.5847(3) 0.0410(3) 0.2164(3) 3.6(1)
C37 0.5522(3) -0.0393(3) 0.2109(3) 3.7(1)
038 0.5754(4) -0.0607(3) 0.1312(3) 4.8(1)
039 0.4829(5) -0.0740(4) 0.1142(3) 6.412)
040 0.6376(6) 0.0151(5) 0.0640(3) 7.1(2)
041 0.6326(5) -0.1471(4) 0.1282(4) 6.8(2)
Table 3.2 /cont
3.9
Atoa X y z B .c
C42 0.4991(4) -0.0991(3) 0.2808(3) 4.4(1)
C43 0.4786(4! -0.0824(3) 0.3543(3) 4.8(1)
C44 0.4231(5) -0.1512(4) 0.4320(3) 6.5(2)
C45 0.3206(6) -0.1696(5) 0.4373(5) 9.1(2)
C46 0.4178(7) -0.1192(5) 0.5008(4) 10.7(2)
C47 0.4754(7) -0.2371(5) 0.4388(4) 9.9(2)
C48 0.5130(4) -0.0009(3) 0.3549(3) 4.3(1)
C49 0.9886(3) 0.1933(3) 0.3244(2) 3.1(1)
C50 0.9975(3) 0.1959(3) 0.3943(3) 3.4(1)
C51 1.0727(3) 0.1585(3) 0.4173(3) 3.6(1)
C52 1.0790(4) 0.1641(4) 0.4962(3) 4.4(1)
C53 1.1727(5) 0.2139(5) 0.4821(4) 7.0(2)
C54 0.9983(4) 0.2161(5) 0.5387(3) 6.3(2)
C55 1.0707(5) 0.0702(5) 0.5510(3) 7.2(2)
C56 1.1413(3) 0.1166(3) 0.3661(3) 3.9(1)
C57 1.1373(3) 0.1139(3) 0.2925(3) 3.8(1)
r-5B 1.2142(3) 0.0698(4) 0.2358(3) 5.1(1)
C59 1.1968(5) 0.0821(4) 0.1598(4) 6.6(2)
C60 1.2124(5) -0.0318(4) 0.2712(4) 7.3(2)
C61 1.3146(4) 0.1110(55 0.2174(4) 8.0(2)
C62 1.0591(3) 0.1524(3) 0.2736(3) 3.5(1)
C63 0.8927(3) 0.6292(3) 0.1585(2) 3.1(1)
C64 0.9586(4) 0.6383(3) 0.0850(3) 3.9(1)
C65 1.0151(4) 0.7176(3) 0.0438(3) 4.6(1)
C66 1.0869(5) 0.7269(4) -0.0394(3) 7.5(2)
Table 3.2 /cant
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fitois * y z B«*CJ
C67 1.0922(7) 0.6390(5) -0.0630(4) 9.5(2)
m 1.0555(9) 0.7962(6) -0.0970(4) 13.4(4)
C69 1.1841(7) 0.7558(7) -0.0495(6) 15.2(3)
C70 1.0003(4) 0.7867(3) 0.0819(3) 4.5(1)
C71 0.9350(3) 0.7800(3) 0.1565(3) 3.5(1)
C72 0.9205(4) 0.8568(3) 0.1977(3) 4.5(1)
C73 1.0128(5) 0.8755(4) 0.2105(4) 7.4(2)
C74 0.8885(5) 0.9402(4) 0.1498(4) 7.0(2)
C75 0.8431(5) 0.8324(3) 0.2778(3) 6.0(2)
C76 0.8827(3) 0.69B9(3) 0.193912) 3.2(1)
Table 3.2 /cont
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Mi M 1.913(3) M Mi N' 90.0(1)
M Coc 1.379(4) M Mi N" 179.1(1)
C.* CB 1,429(5) Mi M Coc 127.4(2)
C b C b 1.340(5) Coc H Coc' 105.2(3)
Coc Cm 1.382(5) M Coc C b 110.1(3)
Cm cP 1.497(4) M Coc Cm 125.3(3)
Mi -Co, 2.961(6) Coc C b C b  • 107.3(3)
Mi Cm 3.367(9) Coc Cm Coc. 121.3(3)
M M' 2.706(6) C b Coc Cm 124.3(3)
M M" 3.826(8)
N 4 N ' ,adjacent nitrogens; N 4 N " , o p p o s i t e  nitrogens
Table 3.3 Some average band lengths (A) and 
angles (*) in FiGDT^BHPP
rings with atom displacements from the mean plane of -0. 02A. A planar 
metalloporphyrin is estimated to have a hole radius of 2.01 A (Hoard, 
1975) and it has been postulated that in order to retain planarity 
this radius should not be less than 1.96A. Consequently smaller hole 
radii give rise to non-planar porphyrins. On the other hand Mi-M 
bond lengths in square planar complexes containing imine type ligands 
are generally ca. 1.85A (Henrick, Tasker & Lindoy, 1985), and so the 
porphyrin core must contract if it is to accommodate this undersized 
metal ion. The rigidity of the porphyrin system however permits only 
partial radial contraction and results, for MiGDT^BHPP, in a Ni-M 
bond length of 1.913 (3)A. This is the shortest Ni-M bond distance so 
far reported for nickel (II) porphyrin complexes although it is 
statistically equal (at 2<r level) to 1.929(3)A in NiGDTPPt.*. (Meyer, 
1972). This bond distance, although shorter than that necessary for 
porphyrin planarity is longer than Mi-M bond distances in square 
planar complexes containing monodentate ligands.
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Naae 0(1,1) U(2,2) U(3,3) U (l,2) U(l,3) U (2,3)
HI 0.0273(2) 0.0191(2) 0.0361(2) 0.0005(2) -0.0045(2) -0.0083(2)
01 0.048(2) 0.103(3) 0.108(3) 0.037(2) -0.007(2) -0.046(2)
02 0.126(3) 0.045(2) 0.085(2) -0.030(2) -0.041(2) -0.020(1)
03 0.065(2) 0.087(2) 0.111(2) 0.040(2) -0.057(1) -0.043(2)
04 0.119(3) 0.048(2) 0.076(2) -0.053(2) 0.017(2) -0.012(2)
N1 0.032(2) 0.024(2) 0.050(2) 0.001(1) -0.007(1) -0.010(1)
N2 0.033(2) 0.025(2) 0.048(2) -0.000(1) -0.010(1) -0.011(1)
N3 0.032(2) 0.023(1) 0.036(1) -0.000(1) -0.007(1) -0.003(1)
N4 0.032(2) 0.021(1) 0.039(2) -0.001(1) -0.006(1) -0.009(1)
Cl 0.039(2) 0.023(2) 0.053(2) 0.002(2) -0.009(2) -0.009(2)
C2 0.048(2) 0.023(2) 0.095(3) 0.004(2) -0.024(2) -0.006(2)
C3 0.045(2) 0.028(2) 0.100(3) 0.012(2) -0.021(2) -0.020(2)
C4 0.038(2) 0.028(2) 0.059(2) 0.007(2) -0.009(2) -0.014(2)
C5 0.033(2) 0.036(2) 0.054(2) 0.008(2) -0.006(2) -0.015(2)
C6 0.030(2) 0.037(2) 0.056(2) 0.004(2) -0.007(2) -0.015(2)
C7 0.031(2) 0.046(3) 0.101(3) 0.003(2) -0.014(2) -0.019(2)
CB 0.041(2) 0.044(3) 0.110(3) -0.007(2) -0.026(2) -0.020(2)
C9 0.040(2) 0.033(2) 0.057(2) -0.004(2) -0.014(2) -0.014(2)
CIO 0.042(2) 0.028(2) 0.041(2) -0.004(2) -0.009(2) -0.010(2)
Cll 0.039(2) 0.026(2) 0.036(2) -0.001(2) -0.006(1) -0.011(1)
C12 0.049(2) 0.021(2) 0.062(2) 0.001(2) -0.011(2) -0.012(2)
C13 0.051(2) 0.025(2) 0.063(2) 0.008(2) -0.017(2) -0.008(2)
C14 0.036(2) 0.025(2) 0.039(2) 0.005(2) -0.009(1) -0.008(2)
C15 0.035(2) 0.029(2) 0.037(2) 0.005(2) -0.006(2) -0.010(2)
C16 0.033(2) 0.029(2) 0.041(2) 0.004(2) -0.010(1) -0.011(2)
Table 3.4 Anisotropic temperature factors. The temperature factor 
expression for the non-hydrogen atoms is exp<-2ir2'CUn (ha*)2 + 
U22(kb*)2 + Usadc*)2 + 2th s>ha*kb* + 2th3ha*lc* + 2U23kb*lc*»
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Nane U (l,l) U(2,2) U (3,3) U(l,2) U(l,3) U(2,3)
CJ7 0.035(2) 0.039(2) 0.069(2) 0.001(2) -0.019(2) -0.015(2)
C18 0.037(2) 0.035(2) 0.063(2) -0.008(2) -0.012(2) -0.011(2)
C19 0.033(25 0.027(2) 0.040(2) -0.003(2) -0.006(2) -0.010(2)
C20 0.041(2) 0.023(2) 0.040(2) -0.006(2) -0.008(2) -0.008(1)
C21 0.030(2) 0.041(2) 0.061(2) 0.007(2) -0.006(2) -0.020(2)
C22 0.044(2) 0.044(2) 0.056(2) 0.004(2) -0.007(2) -0.017(2)
C23 0.041(2) 0.049(2) 0.056(2) 0.000(2) 0.003(2) -0.023(2)
C24 0.070(3) 0.060(3) 0.060(3) -0.004(3) 0.011(3) -0.019(2)
C25 0.128(6) 0.126(6) 0.049(3) 0.014(5) 0.010(4) -0.011(4)
C26 0.087(5) 0.102(5) 0.099(5) -0.030(4) 0.033(4) -0.029(4)
C27 0.145(6) 0.083(4) 0.071(3) -0.013(4) 0.006(4) -0.045(3)
C2B 0.033(2) 0.052(2) 0.075(3) 0.012(2) -0.007(2) -0.033(2)
C29 0.040(2) 0.047(2) 0.068(3) 0.009(2) -0.014(2) -0.023(2)
C30 0.053(2) 0.072(3) 0.086(3) 0.018(2) -0.034(2) -0.028(2)
C3i 0.134(5) 0.123(6) 0.091(4) 0.056(4) -0.060(3) -0.021(4)
C32 0.091(4) 0.067(4) 0.121(4) 0.025(3) -0.051(3) -0.023(3)
C33 0.098(4) 0.104(5) 0.150(4) 0.005(4) -0.075(3) -0.036(4)
C34 0.039(2) 0.045(2) 0.054(2) 0.009(2) -0.009(2) -0.017(2)
C35 0.048(2) 0.030(2) 0.052(2) -0.004(2) -0.017(2) -0.014(2)
C36 0.052(2) 0.033(2) 0.051(2) -0.002(2) -0.016(2) -0.011(2)
C37 0.060(2) 0.033(2) 0.056(2) 0.001(2) -0.024(2) -0.019(2)
C38 0.079(3) 0.047(2) 0.063(2) 0.006(2) -0.027(2) -0.025(2)
C39 0.106(4) 0.089(4) 0.076(3) 0.015(3) -0.049(2) -0.042(2)
C40 0.128(5) 0.087(4) 0.053(3) -0.011(4) -0.016(3) -0.032(2)
C41 0.095(4) 0.073(3) 0.102(4) 0.020(3) -0.033(3) -0.047(3)
Table 3.4 /cont
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Naie U (l,l) U(2,2) U(3,3) 11(1,2) U(l,31 U(2,3)
C42 0.078(3) 0.032(2) 0.063(2) -0.012(2) -0.031(2) -0.012(2)
C43 0.085(3) 0.039(2) 0.061(2) -0.022(2) -0.029(2) -0.007(2)
C44 0.123(4) 0.053(3) 0.064(3) -0.045(3) -0.031(3) -0.007(2)
C45 0.134(6) 0.094(5) 0.087(5) -0.047(4) -0.017(4) 0.010(4)
C46 0.208(7) 0.112(5) 0.060(4) -0.097(4) -0.022(4) 0.011(3)
C47 0.181(7) 0.080(5) 0.105(4) -0.037(5) -0.067(4) 0.027(4)
C4B 0.074(3) 0.045(2) 0.046(2) -0.018(2) -0.021(2) -0.012(2)
C49 0.034(2) 0.032(2) 0.050(2) 0.003(2) -0.013(2) -0.010(2)
C50 0.039(2) 0.037(2) 0.050(2) 0.005(2) -0.012(2) -0.012(2)
C51 0.046(2) 0.036(2) 0.055(2) 0.003(2) -0.020(2) -0.012(2)
C52 0.065(3) 0.055(3) 0.059(2) 0.007(2) -0.032(2) -0.017(2)
C53 0.0B7(4) 0.100(4) 0.102(3) 0.003(3) -0.041(2) -0.053(3)
C54 0.087(4) 0.105(4) 0.059(3) 0.019(3) -0.031(2) -0.037(3)
C55 0.135(5) 0.077(4) 0.071(3) 0.005(4) -0.055(3) -0.010(3)
C56 0.046(2) 0.040(2) 0.070(21 0.011(2) -0.030(2) -0.016(2)
C57 0.034(2) 0.039(2) 0.071(3) 0.006(2) -0.013(2) -0.022(2)
C5B 0.041(2) 0.066(3) 0.095(3) 0.018(2) -0.019(2) -0.047(2)
C59 0.065(3) 0.089(4) 0.093(3) 0.017(3) -0.006(3) -0.052(3)
C60 0.083(4) 0.073(3) 0.144(4) 0.038(3) -0.047(3) -0.065(3)
C61 0.048(3) 0.121(4) 0.140(4) -0.001(3) -0.00B (3) -0.078(3)
C62 0.042(2) 0.038(2) 0.054(2) 0.005(2) -0.014(2) -0.018(2)
C63 0.045(2) 0.023(2) 0.043(2) -0.006(2) -0.008(2) -0.006(21
C64 0.062(3) 0.034(2) 0.045(2) -0.013(2) -0.008(2) -0.013(2)
C65 0.077(3) 0.043(2) 0.041(2) -0.024(2) -0.001(2) -0.008(2)
C66 0.125(5) 0.076(3) 0.047(3) -0.043(3) 0.027(3) -0.022(2)
Table 3.4 /cont
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Na*e U (l,l) U(2,2) 11(3,3) U(l,2) U(l,3) U(2,3)
C67 0.153(7) 0.118(5) 0.054(3) -0.037(5) 0.027(4) -0.041(3)
C68 0.30(1) 0.108(6) 0.052(4) -0.084(6) -0.009(6) -0.001(4)
C69 0.137(6) 0.210(6) 0.169(6) -0.105(5) 0.093(5) -0.128(4)
C70 0.073(3) 0.034(2) 0.050(2) -0.023(2) -0.006(2) -0.003(2)
C71 0.052(2) 0.028(2) 0.048(2) -0.009(2) -0.012(2) -0.009(2)
C72 0.074(3) 0.031(2) 0.066(2) -0.007(2) -0.019(2) -0.020(2)
C73 0.091(4) 0.092(4) 0.121(4) -0.006(3) -0.037(3) -0.063(2)
C74 0.125(5) 0.037(3) 0.098(4) 0.012(3) -0.031(3) -0.021(3)
C75 0.100(4) 0.042(2) 0.077(3) 0.002(3) -0.007(3) -0.035(2)
C76 0.044(2) 0.027(2) 0.042(2) -0.002(2) -0.007(2) -0.007(2)
Table 3.4 /cant
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Planar nickel(II) porphyrins have previously been reported and these 
have bond distances of the order of 1.96 A e.g. HiDeutDME Ni-N= 
1.960 <14)A (Hamor, Caughey & Hoard, 1965), NiEtio I Hi-tf=l .957 (13)A 
(Fleischer, 1963), EfiOEPtriA Mi-JJ= 1.958 (2)A (Cullen & Meyer, 1974) and 
NiOEPtT-iB Ni-N=1.952 (8)A (Brennan, Scheidt & Shelnutt, 1988)). 
Presumably factors other than maximising the Ni-H bond strength are 
important, such as the extra k -conjugation associated with a planar 
rather than a puckered core. Thermodynamic considerations may also 
play an important part in determining whether the planar or ruffled
form is favoured in an unconstrained enviroment (Cullen & Meyer,
1974).
As has been previously pointed out for metallo tetraphenyl-
porphyrin (M-TPP) derivatives crystal packing may also contribute
somewhat to puckering of the porphyrin core (Fleischer, Miller & Webb, 
1964, Kaduk & Scheidt, 1974). Ni-N bond distances for a number of 
nickel (II) and other metalloporphyrin complexes are listed in Table
3.5.
The dihedral angles between the phenyl rings and the mean
porphyrin plane in N i d D T ^ B H P P  lie in the range 63.3°-83.4*. These 
angles are similar to those in TPP derivatives and the deviations from 
90* has been attributed to minor conjugation between rings through the 
Cp-Cm bonds (Hoard, 1975). The closest contact between nickel atoms 
(i.e. x,y,z and l-x,l-y,l-z) in symmetry related molecules is 10.7A and 
this compares with intermetal distances of ^ 8A which are typical of 
M-TPP complexes e.g. 8.3A in Cu-TPP, this value was calculated from 
the unit cell dimensions in Table 1 of Fleischer, Miller & Webb (1964). 
The increase separation in the present case is undoubtedly due to the
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liT^BHPP 1.913(8) 23.4-35.
IiOEPtet* 1.929(3) 32.8
UlOEPtr- iA 1.958(2) 2. 1
NiOEPtT-iB 1.952(8) -
liDEUT 1.960(14) 1.9-5.2
MiTMP 1.953(14) 6.3
liTPP 1.928(3) -
MnTPP 2.082-2.092 8. 1 +
FeTPP 1.972(4) 18. 0+
CoTPP 1.949(3) 19. 0+
CuTPP 1.981(7) 26.8
ZnTPP 2.037(15) 6.5
AgTPP 2.092(3) 7.5
PdTPP 2.009(9) 25.2
this work
Meyer, 1972
Cullen & Meyer, 1974
Brennan, Scheidt & Shelnutt, 1988
Hamor, Caughey & Hoard, 1965
Gallucci, Swepson & Ibers, 1982
Madura & Scheidt, 1976
Madura & Scheidt, 1976
Collman et al., 1975
Madura & Scheidt. 1976
Fleischer, Miller & Webb, 1964
Scheidt et al., 1986
Scheidt et al., 1986
Fleischer, Miller & Webb, 1964
For a b b r e v i a t i o n s  used see A b b r e v i a t i o n  section at front of this thesis 
C a l c u l a t e d  from c o o rdinates w i t h d r a w n  from Cambr i d g e  C r y s t a l l o g r a p h i c  
Database (Allen et al,, 1979)
Table 3.5 Ketal-nitrogen bond lengths (A) and angles (#> 
between adjacent pyrrole rings in some metalloporphyrins
steric demands of the tert-butyl substituents. These steric effects 
would also result in poorer crystal packing and would account for the 
low calculated density (1.01 Kg m -3) compared to those of M-TPP 
complexes e.g. 1.29-1.48 Kg m~3 ; M=Fe(II) (Collman et al., 1975), Co(II) 
(Madura & Scheidt, 1976), Zn(II) (Scheidt et al., 1986), Pd(II), Cu(II) 
(Fleischer, Miller & Vebb, 1964). Molecular modelling shows that 
these substituents also sterically protect the phenolic groups and 
indeed would stabilise phenoxy radicals that might result from 
oxidation of the porphyrin ligand. Such stabilisation against 'self 
reaction' has previously been reported in the case of the 2,4,6-tri- 
tert-butylphenoxyl radical (Ingold, 1973).
A third crystalline phase of NiOEP (MiOEPtrie, Brennan, Scheidt & 
Shelnutt, 1988) has been reported recently. It is triclinic and 
comparable with the other triclinic form, MiOEPt^iA, although there are
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some small and possibly significant differences. The major difference 
is that in the new phase, NiOEP-tt-iB, the porphyrin rings are stacked 
in such a way that a significant tc- tu interaction occurs (interplanar 
spacing 3.44A). The two independent pyrrole rings (the structure has 
a crystallographically required centre of symmetry) in HiOEPt,i-±B have 
different Hi-U bond distances (1.946 (4)A & 1.958 (4)A) and heterocyclic 
ring bond lengths and angles. These differences are barely significant 
at a 3<r level, although it is pointed out that similar porphyrin 
complexes are known in which %-iz interactions (FeOEP, Strauss et al., 
1985; H1TKP, Gallucci, Swepson & Ibers, 1982) exist. These likewise 
show unequal bond distances. It is proposed that this is a result of 
the tz -tz  interaction between the porphyrin rings and this is supported 
by Resonance Raman studies and the aggregation of porphyrins in 
solution. This is another effect that must be considered when using 
solid-state structures in computer modelling (Chapter 8) to predict 
structures in solution; aggregation of four or five-coordinate 
porphyrins appears to be common in solution.
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C h a p t e r  F o u r
The Haem Complex 
Crystal Structure of ClFe (IIDT^BHPP
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4.1
4.1 Introduction
Of all metalloporphyrins, iron complexes have been the most 
extensively studied, mainly because of the wide distribution of such 
porphyrins in biological systems. Iron also has the largest range of 
accessible oxidation states and offers a wide and challenging body of 
chemistry. The most comprehensive review of the geometry of haems and 
related metalloporphyrins is that by Scheidt & Gouterman (1983) which 
updates the previous reviews by Scheidt (1978) and Hoard (1975).
The large number of X-ray structures reported for iron porphyrins 
with various axial ligands have provided sufficient information to 
establish, within narrow limits, the distance of the iron atom from its 
nearest neighbours provided the spin state and coordination number are 
known (Figure 4.1 & Appendix D). For Fe(II) (de ) and Fe(III) (ds ) there 
are three possible spin states, S=0, 1 and 2 and S=l/2, 3/2 and 5/2 
respectively. All six spin states have been realised experimentally as 
have the Fed) and Fe(IV) oxidation states. The stereochemistry correlates 
with the spin state. In low-spin iron (II) and iron (III) metalloporphyrins 
the pairing of the electron spins in the dxy 4va= and dxz valence-shell 
orbitals of the metal atom allows the full utilisation of the unoccupied 
dx2-y2 and d^2 orbitals for complexing with the tetradentate porphinato 
macrocycle and two axial ligands. In the high-spin iron(II) and iron(III) 
metalloporphyrins, by contrast, the Sdx^-v2 and 3da:2 orbitals in the 
metal atom each retain one unpaired electron. The presence of the 
electron in the dx2-y2 orbital is responsible for the substantial 
displacement of the iron atom from the plane of the nitrogen atoms (Pn ) 
that is observed in every high-spin porphinato iron species and C t -  Fe
4.2
is usually >0.4A (C*. is the centre of the PN plane, Hoard, 1975). A small 
amount of doming of the porphinato core towards the iron (III) is 
frequently observed with PN - • - Pc -  0.05A.
From the data in Table 4.1 the C f - - N  distance is close to the 
minimum strain value described in Section 1.6. The average Fe-N distance 
of 2.069 (3)A, although a long M-N bond for metalloporphyrins, is still 
quite short compared to Fe-N distances in high-spin iron (III) complexes 
containing multidentate amino ligands (Scheidt, 1978).
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Figure 4.1 Summary table of coordination number and spin state 
versus the Fe-N bond length in reported iron porphyrin crystal 
structures. References are given in Appendix D. • = mean value,
» ■ " ■» = range of values; Number in brackets indicates the number of 
structures averaged.
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Distance (A)
Derivative Fe-NaVg C f - K Ct*■*Fe Fe-X* Ref
ClFeT^BHPP 2.080(14) 0.528 2.206(5) 1
ClFeProtoDME 2.062(10) 2.008 0.475 2.218(6) 2
ClFeTPP 2.049(9) 2.012 0.38 2.192(12) 3
CH3 OF eMesoPDME 2.073(6) 2.022 0.455 1.842 (4) 4
0(FeTPP)2 2.087(5) 2.027 0.50 1.763(1) 5
(SCN)FeTPP 2.065(5) 2.007 0.485 1.957(5) 6
N3FeTPP 2.055 2.027 0.34 1.909 7
0 (FeProtoDME) 2 2.08 1.73 8
G(FeODJt)2 2.065(8) 2.002 0.53 1.752(1) 9
BrFeTPP 2.069(9) 0.49 2.348(2) 10
IFeTPP 2.066(11) 0.46 2.554(2) 11
FFeTPP 2.072(1) 0.47 1.792 (3) 12
SPhNChFeProtoIXDKE 2.064(18) 0.43 2.324(2) 13
Fe2 (jjt-0)FF.Hs>0 2.075(19) 0.54 1.787(18) 14
Average 2.069 (3) 0.47(2)
* Fe-X = the iron-axial ligand bond distance
References
1 This work 8 Scheidt, 1978, Table 2
2 Koenig, 1965 9 Scheidt, 1978, Table 2
3 Hoard, Cohen & Glick, 1967 10 Skelton & White, 1977
4 Hoard et al., 1965 11 Hatano & Scheidt, 1979
5 Hoffman et al., 1972 12 Anzai et al., 1981
6 Scheidt, 1978, Table 2 13 Tang et al., 1976
7 Scheidt, 1978, Table 2 14 Landrum et al., 1981
Table 4.1 Parameters of the square-pyramidal coordination group 
in several high-spin iron<III)porphyrins
The preparation of ClFedlDT^BHPP has been described (Traylor, 
Nolan & Hildreth, 1983) as has the formation in solution of the 
thiolatoiron (III) complex (SCH2C02Me)5>Fe(III)TtBHPP (Nolan, 1986). This 
chapter is concerned with the structure determination of the farmer high- 
spin iron (III) complex for which crystals were readily obtained. The 
structure determination however has proved difficult and the poor 
refinement is due to the presence of undetermined solvent of
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crystallisation, which was shown to be present by a density measurement. 
The average Fe-U bond distance is 2.080(14)A which is the average of two 
statistically different distances 2.045(6) and 2.114(6)A while the Fe-Cl 
bond is 2.206(5)A and the Ct-'-Fe distance is 0.528(2)A. The structure 
solution that best agreed with the experimental data was that with the 
iron and chlorine ions disordered in the centrosymmetric C2/c space 
group, other models however were tried in the other C-centred monoclinic 
space groups.
4.2 Experimental
Crystals were grown from a dichloromethane solution over which 
cyclohexane was carefully layered. Unlike the palladium(II) and zinc(II) 
complexes of T ^ H P P  (Chapter 2), the large brown tablet shaped crystals 
apparently did not lose solvent and so were mounted normally on a glass 
fibre. A suitable crystal was cut to a reasonable size (0.4 x 0.3 x 0.6 
mm), adhered to a glass fibre and mounted on the CAD4 diffractometer. 
The density of a second crystal was measured at 20 °C by flotation in 
potassium iodide solution. This crystal measured approximately 2 x 1 x 
0.5 mm. The density of the solution which just floated the crystal was 
measured using a Paar Digital Density Meter, a calibration curve of freq­
uency versus density being plotted using various organic liquids of known 
density as standards (Table 4.2). This gave Dob* as 1.10 Mg m -3 which 
means that only four haem molecules are present in the unit cell 
(DCaic=0.93 Mg m - 3 ) and that two or three solvent molecules (either 
cyclohexane or dichloromethane) per asymmetric unit must be present to 
account for the extra density. These seem to be more firmly held than
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those in Pd(II) and Z n d D T ^ B H P P  (Chapter 2) since the solvent does not 
appear to be lost so readily.
Standard Density
Kg/M3
Frequency
Acetone 0.7899 42932
De-ionized Water 0.9982 45075
Dichloromethane 1.3266 48235
Chloroform 1.4832 50672
Tetrachloromethane 1.5940 50672
A least-squares fitting routine was used to calculated the best fit 
straight line through the calibration points
Intercept = -3.6868 
Slope = 1.041 x 10~A
Carr" Coef. = 0.9998
Measured frequency for solution which just floated crystal. Average of 
three determinations;
Frequency Calculated Density
Kg/M3
i) 46012 1.103
ii) 46063 1.108
iii) 45944 1.096
Average calculated density = 1.102(3)
Table 4.2 Density measurement for ClFedlDT^BHPP
4.2.1 Camera Investigation
Initial photographic work, using Oscillation and Veissenberg 
techniques suggested that the crystal system was triclinic but later 
photographs on a different crystal proved this to be incorrect; in 
agreement with Delauney reduction on the diffractometer cell. This was 
almost certainly due to the initial crystal being mounted about an
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arbitrary and not a true reciprocal lattice direction. The fact that the 
crystal was mounted about an arbitrary direction was unavoidable since 
the external morphology of the crystals showed no faces (it was tablet 
shaped) and the crystals were too thick and darkly coloured to allow 
polarized light to be used to determine any prominent crystallographic 
directions.
4.2.2 Data Collection
A data set was collected on the CAD4 diffractometer as described
previously using the o-20 scan mode and Mo(K«) radiation. A triclinic
cell was determined from 25 automatically located and centred reflections
(Section 1.5);
a = 13.905(3) a = 77.236(25)
b = 13.919(7) j3 = 77.295(16)
c = 26.026(6) "V = 63.480(29)
This cell later proved to be incorrect and was shown to transform
to a C-centred monoclinic cell. An unexpected vector at OOte in the
Patterson map suggested the presence of a c-glide, this being more
consistent with a monoclinic cell (or higher symmetry) rather than the
triclinic one used for the data collection. Delauney reduction gave a C-
centred monoclinic cell, not shown by the use of Delauney reduction on
the triclinic cell initially found on the diffractometer;
a = 23.641(6) a = 90.0
b = 14.615(4) £ = 104.96(2)
c = 26.007(5) Y = 90.0
The intensity of the 002 reflection was monitored hourly and 
showed no significant variation in intensity during the data collection. 
A semi-empirical absorption correction (PSI, North, Phillips & Mathews,
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1968) was applied (rnin correction 0.9777, max correction 0.9999) to the 
12932 unique reflections collected (1(0(24°, 0(h( 15,-15(k( 15, -29$ 1(29).
The data was rotated to the monoclinic cell and re-indexed. It was clear 
with hindsight that the a & b and the a & 0 cell parameters for the 
triclinic cell are equal, within 3<r, indicating greater symmetry. The
data, averaged in the new cell resulted in 8051 unique reflections of 
which 4395 had I£3o'(I). Data collection parameters are summarized in 
Table 4.3.
The H'(z) cumulative probability distribution (Table 4.4) indicated a 
centrosymmetric data set and the zones data showed that the hOl 
reflections for l=2n+l were apparently systematically absent (indicating 
the presence of a c-glide), though it was noted the there were a 
significant number of discrepancies - reflections apparently present when
they should not be if the systematic absence was a true one. Since some
discrepancies are not uncommon with diffractometer data (caused by
diffraction streaks) these were ignored initially and it was concluded 
that C2/c was the correct space group.
From the measured density only four molecules per unit cell were 
expected and thus they must sit on the special positions, either on a 
centre or a 2-fold axis. The Fe-Cl bond would have to be coincident with 
the 2-fold axis or disordered about a centre - Fe(III) is high-spin in 
this molecule and thus will not lie in the plane of the porphyrin ring 
(Section 4.1).
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Compound 
Formula 
F.W., amu 
Temp K
Cryst. system 
Space group
a, A
b, A
c, A 
a, deg
deg 
deg 
V, A3 
Z
F (000)
Dob*, Mg m -3 
Dcaic, Mg m -3 
Cryst. dimens, mm 
Radiation 
Monochromator 
p, cm-1 
Scan type 
Geometry 
8 range, deg 
Indices collected
Reflections
Scan speed, deg 
min-1 
Mo. of least-square 
parameters 
Data/parameters 
R
Rw
S
Slope, norm prob 
plot
ClFedlDT^BHPP
C-76Hs«>IU(mFeCl + undetermined solvent
1216.91
293
Monoclinic
C2/c
23.641(6)
14.615(4)
26.007(5)
90.0
104.96 (2)
90.0
8681.(4)
4
2604
1.10(9)
0.931 - solvent not determined
0.4 x 0.3 x 0.6
Mo (K«) (A=0.71069A)
graphite
2.4
gj-28
bisecting
1-24
0(h(15, -15(k( 15, -29(1(29 (Collected in 
triclinic cell, see text)
8051 measd; 4395 used (I>3o,(I)) (after 
rotation to monoclinic cell and averaging)
3.3
397
11.1 
0.126 
0.165 
1.058
0.98
Table 4.3 Summary of Crystallographic Parameters
zShell Number 0.1 0.2 0.3 0.4 0 .5 0 .6 0.7 0.8 0.9 1.0
1 2503 24 41 51 57 61 65 69 71 74 76
2 2593 22 31 39 44 50 54 58 62 65 68
3 2587 22 34 41 46 50 54 58 61 64 66
4 2644 25 34 42 49 53 55 58 62 65 67
5 2564 32 36 41 45 49 54 59 63 68 71
Average 25 35 43 48 53 56 60 64 67 70
Acentric 10 18 26 33 39 45 50 55 59 63
Centric 25 35 42 47 52 56 60 63 66 68
Table 4.4 N(z) Cumulative Probability Distribution for ClFeT^BHPP
4.2.3 Structure Solution
Direct Methods (MULTAN, Main et al., 1978) produced a partial 
solution in C2/c (the top solution) with the iron atom at OOte and 33 
other possible atom positions determined. This did not refine and a 
subsequent Fourier calculation produced no other reasonable atom 
positions. This proved to be the correct solution but due to the poor 
data quality the model fit was not good and so did not refine. Later a 
better model, with all the porphyrin atoms located, was obtained (in C2) 
and this was then refined. Prior to this however a number of other 
models in other space groups were tested. Initially the assumptions made 
in assigning C2/c as the space group were questioned. The statistics 
which indicate that a structure is centrosymmetric can be misleading if 
the structure is itself pseudo-centrosymmetric or sited in a position 
which give an approximately centrosymmetric distribution. Table 4.4 
gives the N(z) cumulative probability distribution which is, however, 
convincingly centrosymmetric. If the structure is pseudo-centrosymmetric
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then the next most likely space group was Cc, with four molecules on 
general positions.
Direct Methods (MULTAN) in Cc produced a satisfactory solution, the 
anticipated porphyrin geometry being well resolved. MULTAN produced 74 
out of the expected 86 atoms but rather surprisingly least-squares 
refinement only gave an R of 49% and a subsequent Fourier calculation 
failed to reveal any further reasonable atom positions. There are a 
number of possible reasons for this;
i) the origin is incorrect (i.e. the y value),
ii) the orientation of the molecule is incorrect; this seems unlikely 
since it is hard to imagine obtaining so much of the structure if 
this were the case, 
or iii) the space group is still incorrect.
Each of these possibilites was examined but no solution to the 
problem was determined in Cc. It was apparent that although the C- 
centred monoclinic cell is correct the space group may be neither C2/c or 
Cc. The statistical data suggests a centrosymmetric space group, which 
would mean either C2/c or C2/m. The solution obtained in Cc suggests 
that the true space group is related to it in a special way. It is 
possible for the other C-centred monoclinic space groups, C2 or C2/m to 
have a pseudo c-glide which could confuse the space group determination 
(Cm cannot apparently produce a pseudo c-glide since the z coordinate 
remains constant, i.e. a symmetry related molecule does not lie at ± z).
Since the N (z) cumulative probability distribution was convincingly 
centrosymmetric, C2/m was thought to be the next most likely space group.
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Direct Methods (MULTAN) however failed to provide a solution. By 
inspection of the possible occupation sites in C2/m only Vyckoff position 
(i) (of the sites for 4 molecules) could show a pseudo c-glide, i.e. at 
00#, since in all the other sites, z for the symmetry related molecules is 
either equal to 0 or ^ and not both so no pseudo c-glide is conceivable. 
Two sets of the C2/m special positions could be occupied to give a pseudo 
c-glide. These possibilities were however not pursued since MULTAN 
failed to provide a solution, and considering that an apparent solution 
had been found in both C2/c and Cc it was reasonable to expect MULTAN to 
solve the structure if the space group was correct.
This only left one C-centred monoclinic space group not yet
considered - C2. From the space group symmetry it was concluded that a
molecule at Oy# with y - 0 would generate a pseudo c-glide and thus be a
possible solution to the problem. The MULTAN solution confirmed this and 
the Patterson peak at 00# also correlates with this. This proved to be a 
satisfactory solution. MULTAN produced a solution giving 82 likely atom 
positions; undoubtedly the remaining 4 could have been found if more 
peaks were requested (130 peaks were given). Initial refinement of these 
positions by a least-squares refinement procedure gave an R of 22%. 
However further refinement resulted in the severe distortion of the 
molecule and when anisotropic temperature factors were used for non- 
hydrogen atoms many gave unrealistic thermal parameters. In this
solution it was clear that the molecule was centrosymmetric so the 
coordinates were tranferred back to C2/c (removing the symmetry-related 
atomic positions) and placed on a centre of symmetry (Vyckoff (b)).
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Although this was an equivalent position to that determined origin­
ally in MULTAN in C2/c this time the structure refined and behaved 
sensibly; the final refinement however was still unsatisfactory. It 
appears that both poor data and the failure to determine the solvent of 
crystallisation have caused the difficulties in this structure 
determination although it is felt that the final solution is correct.
With all the porphyrin atoms included in a least-squares refinement 
and hydrogen atoms added in calculated positions (dH=1.0A), R=0.166 after 
the application of a semi-empirical absorption correction (DIFABS, Walker 
& Stuart, 1983; min correction 0.7058, max 1.3357). The use of anisotropic 
temperature factors for all the non-hydrogen atoms further reduced R to 
0.126, Rw =0.165 (w=Co'2 (I)+ (0.06F2 )2]-*4, pwt=0.07, qwt=7), S=1.058.
Refinement converged at this stage, probably due to poor data quality. 
The bond distances between the iron and porphyrin nitrogens in this 
refinement are unsymmetrical, the Fe-N bond distances being 2.045(6) and 
2.114 (6)A. Poor data quality or asymmetric lattice forces, as in 
isomorphous ZnTPP, AgTPP & HaTPPtw-i (Scheidt et al., 1986 and Silvers & 
Tulinsky, 1967) may account for this. In order to provide further 
evidence a second data set was collected in the C-centred monoclinic cell 
determined previously. Using the isotropic coordinates from the previous 
solution reduced R to 0.154 after the application of a semi-empirical 
absorption correction (DIFABS, Walker & Stuart, 1983; min. correction 
0.558, max 1.581). Refinement with anisotropic temperature factors for 
all non-hydrogen atoms reduced R to 0.127, R«,=0.167 (w=[o,2(I)+
(0.06F2 )2]-1*, pwt=0.05, qwt=5), S= 1.633. Further work on the weighting 
scheme may have improved this result slightly but the refinement is
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almost identical to that obtained with the rotated triclinic data set. 
Equally the non-symmetrical bond lengths are still present (2.041 (8)A & 
2.120 (8)A, average 2.080 (14)A) so this appears to be a real effect, the 
rest of the bond distances and angles, including the Fe-Cl bond 
(2.206(5)A) being normal far an iron(III) porphyrin (Table 4.1). Poor 
crystal quality or asymmetric lattice forces may explain the unusual and 
unexpected Fe-N bond length. The results presented here are those for 
the rotated triclinic data set, which gave better estimated standard 
deviations on the bond lengths and angles. All calculations were carried 
out using the SDP crystallographic package, version 1.1a (Frenz, 1983).
4.3 Results and Discussion
The molecular structure and numbering scheme used are shown in 
Figure 4.2. Figure 4.3 shows a stereoview of the molecule. Atomic co­
ordinates for the refined atoms are given in Table 4.5 and average bond 
lengths and angles are listed in Table 4.6 where they are compared with 
those for ClFeTPP (Hoard, Cohen & Glick, 1967). Positional parameters, 
including those not refined, full bond length and angle tables, and F0FC 
tables are included in Appendix D. Table 4.7 gives the anisotropic 
temperature factors and Figure 4.4 the least-squares planes data. Full 
least-squares plane information is given in Appendix D.
The structures of high-spin five-coordinate iron (III) porphyrin 
complexes have been known for a long time. The basic geometry of the 
square-pyramidal ClFelU unit is Cs>v as shown in Figure 1.8. The average 
Fe-N distance in high-spin five-coordinate iron(III) porphyrins, 2.069(3)A
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Figure 4.2 ORTEP (Johnson, 1965) drawing of ClFedlDT^-BHPP, 
with 50% thermal ellipsoids. The numbering scheme is also given
Figure 4.3 Stereaview of ClFedlDT^BHPP
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AtOB X y z
FE 0.01626(8) 0.4810(1) 0.493B8(7) 0.98(4)
CL 0.0882(2) 0.4138(3) 0.4687(2) 3.1(1)
01 -0.1862(3) -0.0446(4) 0.4873(3) 4.9(2)
02 -0.2283(3) 0.6364(6) 0.1743(3) 5.4(2)
N1 0.0011(3) 0.3966(4) 0.5514(2) 1.5(1)
N2 -0.0593(3) 0.4301(4) 0.4447(2) 1.3(1)
Cl 0.0381(3) 0.3914(5) 0.6023(3) 1.3(2)
C2 0.0276(4) 0.3063(6) 0.6254(3) 1.9(2)
C3 -0.0136(4) 0.2613(5) 0.5893(3) 1.8(2)
C4 -0.0303(3) 0.3170(5) 0.5423(3) 1.4(2)
C5 -0.0697(3) 0.2926(5) 0.4953(3) 1.5(2)
C6 -0.0831(3) 0.3461(5) 0.4507(3) 1.8(2)
C7 -0.1250(4) 0.3223(6) 0.4020(3) 2.5(2)
CB -0.1278(4) 0.3945(7) 0.3680(4) 2.9(2)
C9 -0.0877(3) 0.4608(5) 0.3948(3) 1.6(2)
CIO -0.0784(3) 0.5442(6) 0.3724(3) 1.5(2)
C21 -0.1001(3) 0.2027(5) 0.4933(3) 1.8(2)
C22 -0.1406(4) 0.1886(6) 0.5228(3) 2.1(2)
C23 -0.1705(3) 0.1065(6) 0.5227(3) 2.3(2)
C24 -0.2155(4) 0.0949(6) 0.5548(4) 3.2(2)
C25 -0.1964(6) 0.0174(9) 0.5945(4) 6.1(3)
C26 -0.2757(5) 0.0757(8) 0.5183(5) 4.8(3)
Table 4.5 Fractional atomic coordinates with e.s.d.'s in parentheses 
and thermal parameters (A2). The B«k, values are calculated 
according to the equation B«*CJ=A/3ZiZjBijai.aj.
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Atofl X y z
C27 -0.2219(4) 0.1811(8) 0.5854(4) 4.9(2)
C28 -0.1575(4) 0.0381(6) 0.4906(4) 2.6(2)
C29 -0.1170(4) 0.0468(6) 0.4604(4) 2.5(2)
C30 -0.1020(4) -0.0307(7) 0.4270(4) 3.5(2)
C31 -0.0760(5) -0.1092(8) 0.4632(6) 6.6(3)
C32 -0.0553(5) -0.0025(8) 0.3992(5) 6.5(3)
C33 -0.1546(5) -0.0634(8) 0.3847(5) 5.3(3)
C34 -0.0890(3) 0.1329(6) 0.4636(4) 2.4(2)
C35 -0.1173(4) 0.5672(6) 0.3194(3) 2.1(2)
C36 -0.1051(4) 0.5384(6) 0.2734(3) 2.4(2)
C37 -0.1416(4) 0.5601(6) 0.2228(3) 2.5(2)
C38 -0.1271(4) 0.5262(7) 0.1727(3) 3.1(2)
C39 -0.1734(6) 0.4600(9) 0.1414(5) 6.1(3)
C40 -0.0675(6) 0.480(1) 0.1849(5) 8.8(4)
C41 -0.1208(6) 0.6044(9) 0.1365(5) 6.1(3)
C42 -0.191814) 0.6103(7) 0.2229(4) 3.0(2)
C43 -0.2059(4) 0.6391(6) 0.2686(4) 2.4(2)
C44 -0.2610(5) 0.6935(9) 0.2672(5) 5.0(3)
C45 -0.3144(6) 0.645(2) 0.2354(7) 9.9(6)
C46 -0.2681(5) 0.712(1) 0.3228(5) 6.4(3)
C47 -0.2563(7) 0.787(1) 0.2419(6) 8.5(4)
C48 -0.1671(4) 0.6159(6) 0.3159(4) 2.6(2)
Table 4.5 /cont
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ClFeT^BHPP ClFeTPP
Fe Cl 2 .20 6 (5 ) 2 .1 92(12 )
Fe B 2 .0 80(14 ) 2 .0 49 (9 )
Coc B 1.376(4) 1.384(15)
Coc Cb 1.427(7) 1 .446(17)
CB Cb 1.352(14) 1 .380(17)
Cb Cm 1.380(6) 1 .395(16)
Cm Cp> 1 .488(4) 1 .508(17)
C 0 1.382(5)
Ct Fe 0 .528(2 ) 0 .383(5 )
Cl Fe B 1 0 4 . 7 ( 4 )
Jf Fe W 8 6 . 3 ( 9 )
I Fe B " 1 5 0 . 4 5 ( 5 )
Coc B Coc 1 0 7 . 0 ( 5 ) 1 0 5 . 6 ( 9 )
I Coc C b 1 0 9 . 0 ( 5 ) 1 1 0 . 7 ( 1 . 0 )
Coc C b C b 1 0 7 . 5 ( 3 ) 1 0 6 . 5 ( 1 . 2 )
IT Coc C m 1 2 6 . 4 ( 3 ) 1 2 6 . 0 ( 1 . 1 )
Coc C m Coc 1 2 4 . 1 5 ( 5 )
Table 4.6 Comparison of bond lengths (A) and angles (*) 
in ClFeT^BHPP and ClFeTPP (see text)
Figure 4.4 Least-squares plane data, displacements <0.01Au/iib) 
from the mean porphyrin plane <Pc>
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Naae 0(1,1) 8(2,2) U(3,3) 8(1,2) 8(1,3) 8(2,3)
FE 0.0154(9) 0.0086(9) 0.0130(9) -0.0036(8) 0.0035(7) 0.0008(9)
CL 0.030(2) 0.050(3) 0.043(2) 0.009(2) 0.020(2) -0.003(2)
01 0.076(4) 0.015(3) 0.105(5) -0.019(3) 0.042(3) -0.010(3)
02 0.053(4) 0.106(6) 0.034(4) 0.032(4) -0.014(3) 0.012(4)
N1 0.013(3) 0.018(3) 0.027(3) -0.004(3) 0.008(2) 0.010(3)
N2 0.012(3) 0.011(3) 0.025(3) -0.008(3) 0.000(2) -0.003(3)
Cl 0.016(3) 0.023(4) 0.008(3) 0.001(3) 0.001(3) 0.004(3)
C2 0.035(4) 0.020(4) 0.013(4) 0.003(4) 0.002(3) 0.010(3)
C3 0.037(4) 0.003(4) 0.026(4) -0.002(3) 0.007(3) 0.007(3)
C4 0.020(4) 0.004(4) 0.032(4)' -0.002(3) 0.009(3) -0.001(3)
C5 0.016(3) 0.012(4) 0.031(4) -0.012(3) 0.008(3) -0.004(3)
C6 0.022(4) 0.017(4) 0.030(4) -0.008(3) 0.011(3) 0.001(3)
C7 0.023(4) 0.037(5) 0.029(4) -0.025(4) -0.004(3) -0.004(4)
CB 0.029(5) 0.045(6) 0.025(4) -0.015(4) -0.013(4) -0.006(4)
C9 0.013(4) 0.027(5) 0.013(4) -0.005(3) -0.009(3) 0.005(3)
CIO 0.008(3) 0.035(5) 0.011(3) -0.002(3) -0.006(3) 0.002(3)
C21 0.025(4) 0.018(4) 0.028(4) -0.005(3) 0.012(3) -0.002(3)
C22 0.032(4) 0.011(4) 0.035(4) -0.006(3) 0.009(3) -0.007(3)
C23 0.029(4) 0.018(4) 0.045(4) -0.004(3) 0.020(3) 0.000(4)
C24 0.051(5) 0.033(5) 0.049(5) -0.021(4) 0.035(3) -0.007(4)
C25 0.112(8) 0.068(7) 0.064(6) -0.015(7) 0.046(5) 0.023(6)
C26 0.059(5) 0.054(7) .0.082(7) -0.025(5) 0.041(4) -0.017(6)
Table 4.7 Anisotropic temperature factors. The temperature factor 
expression for the non-hydrogen atoms is exp<-2x2-CUn (ha*)2 + 
U23><kb*)2 + UssQc*)2 + 2TJ15>ha*kb* + 2Ui3ha*lc* + 2U23kb*lc*} >
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Naae U (l,l) U (2,2) U(3,3) U(lf2) U(l,3) U (2,3)
C27 0.069(5) 0.057(6) 0.081(6) -0.035(5) 0.059(4) -0.031(5)
C28 0.030(4) 0.013(4) 0.056(5) -0.008(3) 0.011(4) 0.003(4)
C29 0.023(4) 0.019(5) 0.050(5) 0.007(3) 0.007(4) -0.010(4)
C30 0.042(5) 0.027(5) 0.065(6) -0.006(4) 0.018(4) -0.022(4)
C31 0.071(7) 0.053(7) 0.12(1) 0.032(5) 0.017(7) -0.026(6)
C32 0.081(6) 0.060(7) 0.131(7) -0.020(5) 0.070(5) -0.058(5)
C33 0.064(7) 0.052(7) 0.088(8) -0.021(6) 0.022(6) -0.033(6)
C34 0.015(4) 0.031(5) 0.047(5) -0.005(3) 0.015(3) -0.007(4)
C35 0.025(4) 0.029(5) 0.024(4) -0.005(4) 0.004(3) 0.000(4)
C36 0.028(4) 0.041(5) 0.023(4) -0.000(4) 0.006(3) 0.006(4)
C37 0.025(4) 0.040(5) 0.024(4) -0.001(4) -0.003(3) 0.002(4)
C38 0.031(4) 0.058(6) 0.027(4) 0.002(5) 0.004(3) 0.007(5)
C39 0.117(9) 0.069(8) 0.058(6) -0.021(7) 0.047(5) -0.023(6)
C40 0.095(8) 0.20(1) 0.035(6) 0.066(9) 0.016(5) -0.016(8)
C41 0.117(9) 0.066(8) 0.058(6) -0.016(7) 0.039(6) 0.013(6)
C42 0.019(4) 0.042(6) 0.042(5) 0.002(4) -0.014(4) 0.016(4)
C43 0.022(4) 0.030(5) 0.038(5) 0.010(4) 0.004(4) 0.002(4)
C44 0.050(6) 0.077(8) 0.056(7) 0.030(6) 0.003(5) 0.005(6)
C45 0.033(7) 0.22(2) 0.12(1) 0.022(9) 0.006(7) -0.04(1)
C46 0.069(7) 0.097(9) 0.079(8) 0.049(6) 0.025(6) 0.004(7)
C47 0.13(1) 0.11(1) 0.085(9) 0.078(8) 0.023(8) 0.038(8)
C48 0.034(5) 0.025(5) 0.036(5) 0.005(4) 0.003(4) 0.008(4)
Table 4.7 /cont
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(Table 4.1) is substantially larger than the 1.986A value found in low- 
spin complexes (Scheidt & Gouterman, 1983) and compares favourably with 
the mean of the two non-equivalent bonds in ClFeT^BHPP (Fe-Nav0= 
2.080 (14)A). The iron is displaced from the mean plane by 0.528 (2)A 
which compares with the mean displacement (C-f-N) of 0.47(2)A for other 
high-spin iron(III) porphyrins. Most high-spin iron(III) porphyrins show 
a net doming of the porphyrin towards the axial ligand, this doming being 
defined as the displacement of the iron from Pc minus the displacement 
from Pim. This is small in high-spin iron (III) porphyrins, averaging 
0.05A, although in ClFeT^BHPP there is no apparent net doming (Figure 
4.4). The nitrogens are planar (Pn) within experimental error (Appendix 
D) although they are displaced by ±0.043 (6 )A from the mean porphyrin 
plane (Pc). The deviations however show that the mean plane Pc is tilted 
relative to Pn and not ruffled or domed as would be anticipated. The poor 
resolution of the structure is probably to blame for this unexpected 
behaviour. As expected the pyrrole and phenyl rings are planar within 
experimental error and the phenyl rings are rotated by 110" (C21-C34) 
and 85* (C35-C48) relative to Pc.
There are no significant close contacts and no hydrogen-bonding 
interactions between the phenolic groups as is the case in the Pd(II)- 
and Z n d D T ^ B H P P  structures (Chapter 2). The closest contact (3.56A) is 
between 02 and C27 on symmetry related molecules (x,l-y,-&+z). The rest 
of the bond lengths and angles in the porphyrin compare favourably with 
those in ClFeTPP (Hoard, Cohen & Glick, 1967 and Table 4.6) and are as 
expected for a high-spin Fe(III) porphyrin complex. The most obvious 
difference is the displacement of the iron from the mean plane which is
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considerably larger in ClFeT^-BHPP than in ClFeTPP (0.528 (2) A and 
0.383 (5)A respectively) but this again may be an artifact of the poorly 
resolved structure.
Interest in the T^BHPP series of porphyrins is centred on the 
ability of some of its metallo complexes to undergo oxidation reactions 
similar to those occuring in the peroxidase enzymes (Chapter 1). The 
iron derivatives are obviously important members of this series since 
this is the metal ion involved in the enzyme reactions. It was hoped to 
determine the crystal structure of the oxidized form of the iron-T^BHPP 
(FePDM) in order to compare it with that of FedlDT^BHPP. This could 
have led to important conclusions regarding the way the iron atom 
mediats the flow of electrons in the system during oxidation. This in 
turn may have provided further information on it’s role in the enzyme 
systems where the change of oxidation and/or spin state of the metal is 
obviously important. Discussion of a possible structure for the oxidized 
iron-TtBHPP has been included in the next chapter which describes the 
oxidized porphyrin, H2 PDM (Chapter 5).
It has been shown that the metal ion in M-T^BHPP complexes is 
important since it can either prevent oxidation of the porphyrin ligand 
(palladium (II), copper (II), manganese (III) etc) or assist it (zinc (II), 
iron (III), cobalt (II) etc). The oxidised metalloporphyrins, e.g. Zn(II)PDM, 
are of interest since they mimic the behaviour of peroxidase Compound I 
(see Section 1.1), rapidly and quantitatively oxidising substrates such as 
cyclohexadiene or p-cresol.
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Crystal Structure of the Oxidised Porphyrin,
HzPDM. 6H^O
Contents Page Ho
5.1 Introduction 5.1
5.2 Experimental 5.4
5.2.1 Mo(Koc) Data Collection 5.4
5.2.2 Cu(K«) Data Collection and Structure Solution 5.5
5.3 Results and Discussion 5.10
5.1
5.1 Introduct ion
The phenolic porphyrin meso-tetrakis(3,5-di-t^butyl-4-hydroxy- 
phenyl)porphyrin, HzT^-BHPP can be oxidized by m-chloroperbenzoic acid 
in the presence of a suitable catalyst or alternatively by air in 
basic solution (Section 1.3.2 & Scheme 1.2). A spectrophotometric
titration showed it to be a 2 e~ oxidation and on the basis of this
and other spectroscopic evidence a number of possible structures have
been proposed for the oxidation product, HstPDM. This evidence however 
is insufficient to assign an unambiguous structure and in view of the 
importance and novelty of the oxidation product it seemed highly
desirable to determine it's structure using X-ray crystallography.
The compound in the literature with the structure most
resembling those proposed for HzPDM is octaethylxanthoporphinogen 
dihydrate (OEXP, Fig 5.1, Sheldrick W.S., 1976) which has carbonyl 
groups in the meso positions. This structure will be discussed in 
more detail later and compared with the results reported here for 
HzPDM.
Figure 5.1 Octaethylxanthoporphinogen
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The proposed structures for HzPDM are shown in Figure 5.2 and the 
similarity between the tetraone structure (5.2c) and that of OEXP is 
striking. The infra-red spectrum of HzPDtf in C H C I 3 solution (Traylor, 
lolan & Hildreth, 1984) show both hydroxyl and carbonyl stretching 
frequencies and the 1HITMR spectrum (Milgrom, 1983b) shows two 
different tert-butyl groups and only two H-H protons to be present. 
Therefore the spectroscopic evidence suggests that the oxidized 
porphyrin has one of the dione/diol structures (Fig 5.2a or b) in 
solution. The X-ray crystallographic results reported here however 
confirm a tetraone structure (Fig 5.2c) for the solid state with four 
quinone-like groups and no phenol groups.
<Bu
OH
Bu
*Bul
Bu,
*Bu Bu
J<Bu
OH
*Bu, Bu
(a) tt»
Figure 5.2 Possible tautomers of H2 PDK, the t r a n s - (a)
& cJs-dione/diol <b> and the tetraone (c)
As with many of the other derivatives of HssT'VBHPP reported in 
this thesis, crystals of HzPDM proved very difficult to grow and the 
best formed crystals were those available from the original
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preparation (Traylor, Nolan & Hildreth, 1983). An earlier attempt to 
determine the structure failed because of the very poor diffraction 
pattern obtained even at 77K (Traylor, Nolan & Hildreth, 1984). It 
was decided however to carry out a reinvestigation using the same 
crystals. The crystals had very good morphology (flattened bi- 
pyraraids) but, as we have seen with the palladium(II) and zinc(II) 
complexes of T^BHPP (Chapter 2) this was no guarantee that they would 
give sufficiently good diffraction patterns.
5.2 Experimental
One of these flattened bipyramidal crystals was mounted on a 
fibre and investigated using an X-ray oscillation camera. The oscil­
lation photograph showed that the crystals diffracted, albeit very 
weakly. The diffraction spots were however sufficiently good to 
suggest that collection of a full data set on the diffractometer would 
be worthwhile. Initially a data set using Mo(K«) radiation was 
collected but this, as expected, was very poor and later a new data 
set using Cu(K«) was collected. This second data set, although better 
was still very weak so that refinement proved difficult.
5.2.1 Mo(Koc) Data Collection
The crystal, a purple flattened bipyramid with a green sheen, was 
placed on the CAD4 diffractometer and the automatic search routine 
used to locate reflections. As described in Section 1.5 a slow scan 
speed and low discrimination factor were used because of the weak 
diffraction. The unit cell parameters were determined from 19 
accurately centred reflections, the initial cell being triclinic;
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a= 9.939(3) a=83.39(3)
b=14.661(6) £=70.22 (3)
c=14.658 (6 ) Y=70.20(3)
This transforms, by Delauney reduction, to a body-centred tetragonal
cell. After further cell refinement by re-centering the re-indexed
reflections gave the tetragonal cell;
a=b=19.478(8) a= ^ = 9 0 . 0
c = 9.934(3)
Two actants of data were collected to allow averaging of 
symmetry equivalent reflections (0 (h (22,-22 (k(22,0(1(11 1*(8(20*). Of 
the 1947 reflections measured 944 were unique of which 252 were 
observed (I>3cr(I)). Although the number of observed reflections was 
low it proved possible to solve the structure using SHELX- 8 6  
(Sheldrick G.M., 1985). The refinement was however poor and a better 
data set was sought using copper radiation.
5.2.2 Cu(Ka) Data Collection and Structure Solution
A new crystal was selected and mounted on a glass fibre, the 
dimensions of the flattened bipyramidal crystal being 0.20 x 0.25 x 
0.04 mm. Initial unit cell parameters were measured on a CAD4 
diffractometer using 6 accurately centred reflections measured from a 
Polaroid rotation photograph (section 1.5,1). Accurate unit cell 
parameters were determined using 24 accurately centred reflections 
(20°(8(40*) from a fast data collection. Full data collection parameters 
are summarized in Table 5.1. The 510 reflection was monitored hourly, 
a linear gain in intensity of 2 .1% being corrected for during data
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Compound H2 PDM.6 H2 O
Formula C"7<E>H 1 04.M4.Ch O
F.W., amu 1233.7
Temp K 293
Cryst. system Tetragonal
Space group 14
a, A 19.487 <3>
b, A 19.487(2)
c, A 9.923(2)
<x, deg 90.0
P. deg 90.0
*» deg 90.0
V, A3 3768.(2)
Z 2
F (000) 1336
Dc»ac, Mg m ~ 3 1.087
Cryst. dimens, mm 0.20 x 0.25 x 0.04
Radiation Cu K« (X=1.54184A)
Monochromator graphite
}i, cm-1 4.7
Scan type g)-2Q
Geometry bisecting
8 range, deg 1-60
Indices collected 0 (h(2 1 ,-2 1 (k$2 1 ,0 a a i
Reflections 2873 measd; 1489^unique, 702
with (!>3<y(I))
Scan speed, deg
min-1 3.3
Mo. of least-square
parameters 91
Data/parameters 7.7
R 0.133
Ru> 0.173
S 1.985
Slope, norm prob
plot 1.87
Table 5.1 Summary of Crystallographic Parameters
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reduction (maximum correction=1.0, minimum= 0.9897). From a total of 
2873 reflections (two octants measured, 0(h(21,-21(k(21,0(l(ll, 
1(8(60°) 1489 were unique with an internal consistency index
R(int)=0.0545 and 702 had I)3ir(I). Intensity statistics, as given by 
the N (z) cumulative probability distribution were slightly above 
centric (Table 5.2) but closer investigation of the E-statistics (Table 
5.3) indicate that the hhl zone is acentric, hkl and hkO are above 
centric and Okl below centric. With the hhl zone obviously acentric 
the space group cannot be I4/m or 141 /a (no a-glide is indicated by 
the hkO zone Ih,(k)=2n3 either). This leaves the possible space groups 
as 14 or 14. With no heavy atom present anomalous dispersion could 
not be used to differentiate between these two space groups (for an 
example of the successful operation of anomalous dispersion see 
Sakurai & Yamamoto, 1976) - with the relatively poor data obtained the 
oxygen atoms would not differentiate sufficiently. This problem was 
overcome by refining the structure in a sub-group of the tetragonal 
space groups being considered - the monoclinic 12. In this space 
group (sufficient data was available because two octants were 
collected) refinement indicated that the two symmetry independent 
nitrogens were above and below the mean plane. This means that in 
the tetragonal space group the molecule must be sited on a 4 (Sa) and 
thus the space group of choice is 14. This is consistent with the 
expectation that the molecular geometry would be similar to that found 
in OEXP which is also centred on a 4 (S*).
The structure was solved using direct methods (SHELX-8 6 , 
Sheldrick G.M., 1985) which revealed the 21 non-hydrogen atoms
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zShell Number 0. 1 0 . 2 0.3 0.4 0.5 0 . 6 0.7 0.8 0.9 1. 0
1 224 25 38 47 52 58 61 65 6 8 70 73
2 233 23 35 42 48 54 60 61 64 67 69
3 252 31 44 51 55 61 65 67 70 73 74
4 253 23 39 52 57 62 66 67 70 71 73
5 246 2 0 26 35 45 50 56 60 65 69 72
Average values 24 36 45 51 57 62 64 67 70 72
Acentric dist" 10 18 26 33 39 45 50 55 59 63
Centric dist" 25 35 42 47 52 56 60 63 6 6 6 8
Table 5.2 I(z) Cumulative Probability Distribution 
1489 reflections in the range 0<28<120#
Experimental Theoretical
Average All hkl Okl hhl hkO Acent Cent Hyper
MOD(E) 0.780 0.784 0.801 0.635 0.772 0 . 8 8 6 0.798 0.718
E2 1 . 0 0 0 1.005 0.976 0.605 1.060 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0
E3 1.679 1.676 1.487 0.718 1.873 1.329 1.596 1.916
E* 3.402 3.328 2.586 1.008 3.847 2 . 000 3.000 4.500
Es 7.978 7.473 4.891 1.616 8.691 3.323 6.383 12.260
Ee 21.245 18.373 9.806 2.867 20.913 6 . 0 0 0 15.000 37.500
M0D(E2 -1> 1.016 1.016 0.960 0.724 1 . 1 0 0 0.736 0.968 1.145
(E2 -l )2 2.402 2.317 1.633 0.798 2.728 1 . 000 2 . 0 0 0 3.500
(E2 -l )3 13.039 10.406 3.979 0.657 11.550 2 . 000 8 . 0 0 0 26.000
<K0D(E2 -1 )) 3 13.762 1 1 . 1 2 0 4.653 1.452 12.345 2.415 8.691 26.903
Table 5.3 E-Statistics (Average Values)
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anticipated but also indicated several other peaks of substantial 
weight. These proved to be water molecules hydrogen-bonded to the 
macrocycle. With just the expected non-hydrogen atoms included in a 
least-square refinement the reliability index (R) reduced to 0.24. A 
subsequent difference Fourier calculation confirmed the two sub­
stantial peaks and indicated a third one. A 4A search indicated that 
these peaks were remote but within reasonable hydrogen-bond distances 
of one another and the macrocycle. They were entered as oxygen atoms 
(from water molecules). Further least-squares refinement reduced R to 
0.166 and with hydrogen atoms added in calculated positions (dH=1.0A) 
the application of an empirical absorption correction (DIFABS (Walker 
& Stuart, 1983), minimum correction=0.522, maximum=1.483) further 
reduced R to 0.133. Attempts to refine the structure using anisotropic 
temperature factors resulted in the structure diverging and some 
peculiar thermal ellipsoids. It was thought that this was mostly due 
to the poor data so refinement was stopped at the isotropic stage. 
Final refinement parameters, using a Killean and Lawrence (1969) 
weighting scheme (w=[<r2 (I) + (0.06F2 )2 ]-1*, pwt=0.05, qwt=5.0) were
R=0.133, Rw=0.173, S=1.983. These figures may have improved with a 
better weighting scheme but at this level of refinement the effect is 
not marked. The largest shift (0.45) was associated with a tert-butyl 
carbon (C31) and the highest peak in a final difference Fourier 
calculation was 0.53e/A3  associated with 02. All calculations, except 
the structure solution, were carried out using the SDP crystallographic 
package, version 1.1a (Frenz, 1983).
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5.3 Results & Discussion
The molecular structure and numbering scheme used are shown in 
Figure 5.3. Also shown are the hydrogen-bonded water molecules, above 
and below the centre of the macrocycle and another bonded to the 
carbonyl group. Figure 5.4a shows a side view containing only the 
macrocycle atoms and indicating the hydrogen-bonded water molecules 
above and below the mean plane. The severe 4 (S*) puckering of the
macrocycle is also obvious from this view. The relative distribution
of the water molecules that interconnect the whole structure is shown 
in the packing diagrams (Figure 5.5 and 5.6). Atomic coordinates and 
bond distances and angles are listed in Tables 5.4 and 5.5 respective­
ly. In Table 5.5 the bond distances and angle?are compared to those 
found in the OEXP molecule discussed earlier. Figure 5.7 summarizes 
the least-square planes data. A full list of positional parameters, 
including hydrogen atoms, least-squares plane data and FoFc tables are 
included in Appendix E.
The crystal structure, as the hexahydrate, helps to explain 
unexpected microanalysis results obtained for HzPDM (Traylor, Nolan & 
Hildreth, 1984). The formula C7 6 H9 2 JUCU.6 H2O requires C 73.99%, H 
8.50%, N 4.51%, 0 12.97%; found C 73.6%, H 7.84%, N 4.64% 0 (by
difference) 13.92%. The water solvate probably came from the
oxidizing agent, ur-chloroperbenzoic acid in the preparation of H2 PDM. 
It is interesting to note that in his report on the preparation of 
HzPDM Milgrom (1983b) reported a microanalysis which leads to the 
formula, C^gH^zN^CLi.3HsO i.e. the trihydrate rather than the hexa­
hydrate reported here.
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CC43
CC3 1
Figure 5.3 ORTEP plot (Johnson, 1965) of H2PDK, with 20% 
thermal ellipsoids, showing the numbering scheme used
(a) (b)
Figure 5.4 Plot of HzPDM (a) and OEXP (b) showing 
the similarity between the structures, including the 
hydrogen bonded water molecules. Only the macrocycle 
core is shown for clarity
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Figure 5.5 Packing diagram for HzPDK, viewed dawn
Figure 5.6 Packing diagram for HzPDJC, viewed down y
Atos X y 2 B»cj
0 0.1231(8) 0.2655(8) 0.223(2) 7.5(4)*
01 0.500 0.000 0.473(3) 8.0(5U
02 0.039(1) 0.400(1) 0.221(3) 12.7(7)*
N 0.4787(6) 0.1104(5) 0.239(2) 2.4(2)*
Cl 0.5293(9) 0.1524(8) 0.285(2) 3.5(4)*
C2 0.5001(9) 0.191(1) 0.397(2) 4.0(4)*
C3 0.4273(8) 0.1775(8) 0.393(2) 2.9(3)*
C4 0.4169(8) 0.1305(8) 0.289(2) 2.8(3)*
C5 0.3523(7) 0.1009(7) 0.246(3) 3.0(3)*
C21 0.2936(7) 0.1426(7) 0.250(3) 2.5(3)*
C22 0.2992(7) 0.2177(7) 0.241(3) 3.0(3)*
C23 0.242B(B) 0.2588(9) 0.245(3) 4.0(4)*
C24 0.2546(9) 0.336(1) 0.240(3) 5.2(4)*
C25 0.327(1) 0.356(1) 0.268(4) 8.1(7)*
C26 0.213(1) 0.365(1) 0.372(3) 6.6(6)*
C27 0.233(1) 0.371(1) 0.118(3) 7.1(7)*
C28 0.1769(9) 0.2274(9) 0.233(3) 4.7(4)*
C29 0.1673(7) 0.1529(B) 0.239(3) 3.3(3)*
C30 0.097(1) 0.122(1) 0.249(4) 5.7(5)*
C31 0.057(1) 0.133(1) 0.126(3) 5.6(6)*
C32 0.057(2) 0.151(1) 0.373(4) 8.3(8)*
C33 0.102(1) 0.043(1) 0.240(4) 7.7(6)*
C34 0.2242(7) 0.1139(8) 0.244(3) 3.2(3)*
Table 5.4 Fractional atomic coordinates with e.s.d.'s in parentheses 
and B»d thermal parameters (A2). The values are calculated 
according to the equation Be^'VsEiE jBi ja i.aj.
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HasPDJf OEXP
FI Cl 1.36(2) 1.364(4)
FI C4 1.36(2) 1.384(4)
Cl C2 1.46(3) 1.396(5)
C3 C4 1.39(3) 1.401(5)
C4 C5 1.43(2) 1.440(5)
C5 Cl' 1.45(2) 1.481(5)
C5 C21 1.40(2)
C 0 1.29(2) 1.232(5)
F 0(H20 ) 1 3.04(2) 3. 016
0 CXHaO)2 3.10(3) 2.832
O(HzO)2 0(H20)2 3.00(3)
0(H20)1 0(Hs>0>2 3.22(30
Cl F C4 110.(1) 109. 0(3)
F Cl C2 107.(2) 108. 7(3)
F C4 C3 109.(1) 107. 6(3)
Cl C2 C3 105.(2) 107. 2(3)
C2 C3 C5 107.(2) 107. 6(3)
C4 C5 Cl* 120. (1) 119. 5(3)
OCH^O)1 - water molecule 01
0(Ha0)2 - water molecule 02
Table 5.5 Comparison of bond lengths (A) and 
angles (*) in HssPDX & OEXP
As stated in the introduction the structure of Hs>PDM is very 
similar to that of OEXP. However whereas OEXP crystallised as the 
dihydrate HaPDM has crystallised as the hexahydrate. Comparing the 
two structures one can see that water molecules are hydrogen-bonded 
to the central nitrogen atoms in both cases (Figs 5.4a & b) although 
the degree of puckering of the OEXP macrocycle is less. This is not 
unexpected as the steric requirements of the quinone-like groups in 
HzPDM are much greater than those of the carbonyl groups in OEXP. In 
OEXP the water molecule that is hydrogen-bonded to the nitrogen atoms 
is also hydrogen-bonded to the carbonyl group to form a clathrate- 
like structure (Fig 5.8). Such a structure is not possible in the
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Figure 5.6 Deviations from the mean nitrogen 
plane <PN) for H^PDK On 0.01A uflifcs)
Figure 5.8 Packing diagram for OEXP - compare with 
the same view in HssPDM (Figure 5.6)
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case of HzPDH which instead has a water molecule hydrogen-bonded to 
each of the quinone oxygen atoms. These water molecules are hydrogen- 
bonded to water molecules of symmetry related molecules giving a 
clathrate-like structure. Due to the steric effects of the tert-butyl 
groups some of the hydrogen-bonds in Hs>PDM are somewhat longer (and 
hence weaker) than those in OEXP. Hence the carbonyl-water 0---0 
distance is 3.10(3)A in HzPDM but 2.832A in OEXP, the latter being 
closer to the distance expected for a hydrogen-bond of normal 
strength. Within experimental error the nitrogen-water !T'-*0 distances 
are equal, 3.04 (2)A and 3.016A for HzPDM and OEXP respectively. The 
inter-water hydrogen-bond distances are 3.00(3)A between the symmetry 
related 02 water molecules and 3.22(3)A between the 01 and 02 water 
molecules, holding the layers together (Fig 5.6).
Although the refinement is poor and hence the standard 
deviations are large it seems reasonable to conclude that the 
structure is the tetraone described earlier and shown in Figure 5.2c. 
Inspection of the bond distances in the quinone-like group (Table 5.5 
& Figure 5.9) indicates that the C-0 bond is quite short (1.29(2)A), 
implying a conjugated carbonyl group and the average Cortho Cm«ta 
distance of 1.36(2)A is indicative of a conjugated double bond. A 
model compound with which to compare these bond distances is 
3,3',5,5'-tetra- tert-butyl-l,l'-biphenylidene-4,4,-quinone (T^BPQ, Khan, 
Osman & Tuck, 1986) where the C-0 bond distance is 1.228 (2)A and the 
Cor tho- Cm ata distance is 1.345 (3)A (Figure 5.9). The C-0 bond 
distance is in contrast to those in phenols (1.362(15)A), 
benzoquinones (1.222 (13)A) and cyclohexanones (1.211 (9)A) given by 
Allen et al, (1987). The Cm-CP distance (1.40(2)A) is comparable with
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the equivalent bond in T^BPQ (1.402 (4)A) and in contrast with the 
essentially single bond (see discussion in Chapter 7) in Ni(IDT^BHPP 
(1.497 (4)A, Chapter 3), Z n d D T ^ B H P P  (1.491 (13)A, Chapter 2) and 
Pd d D T ^ B H P P  (1.509(8)A, Chapter 2). The interesting structural feature 
of T^BPQ, the significant shortening of the two bonds remote from the 
carbonyl group compared to those adjacent to it, is also evident in 
HaPDM although the large standard deviations mask this somewhat. A 
similar effect is seen in the bond angles (Figure 5.9) and is due to 
the partial electron delocalisation in the system.
O
1 ,2 2 8 (2 )
1 ,2 9 (2 )
1 ,479 (3 )
1 ,4 5 (2 )
119 ,2 (2 )
122 , ( 2 )
1 18 , 1(2 )
1 17 , ( 1 )
124 ,3 (2 )
1 23 , ( 1 )
1 .440 (3 )
1 .4 7 (2 )
1 ,4 0 2 (4 )
1 ,4 0 (2 )
Figure 5.9 Comparison of the quinone group bond lengths and 
angles in T^BPQ (upper figures) and HzPDK (lower figures)
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The presence of four hydrogen atoms on the nitrogens (as 
required by symmetry) also supports the tetraone structure; although 
the hydrogens have not been located in a difference map (as they were 
in the better refined OEXP molecule) the positions of the hydrogen- 
bonded water molecules means that they must be present,
The bond distances and angles within the pyrrole-like ring are 
similar to those in OEXP (Table 5.5). Sheldrick (Sheldrick V.S., 1976) 
noted two significantly different bond lengths at C5 (C4-C5= 1.440 (5)A 
and C5-C6= 1.481 (5)A), which indicates a much greater degree of tz-  
delacalisation between the C=0 bond and one of the adjacent pyrrole­
like rings. This difference, as expected, is not significant in HzPDH 
(C4-C5=1.43 (2)A and C1'-C5=1.45(2)A) although the poor isotropic 
refinement with consequent large standard deviations could easily hide 
such an effect. The bond lengths and angles in the pyrrole-like 
rings are very similar to those observed in free pyrrole (C«- 
B=1.370 (5)A, C « - C b = 1 . 3 8 7 ( 5 ) A ,  C*-C*=1.420(5)A; C«FC<*=109.8 (5) *,
JTCocC b = 1 0 7 . 7 ( 5 ) ° ,  C ocC * C * =  107.4(5)°; Tanaka, 1956).
In OEXP the nitrogens are displaced at ±0.071 A from the least- 
squares plane through the molecule, while in H2 PDM the displacement is 
0.11 (2)A. The quinone-like rings lie in the least-squares plane 
(Appendix E) and the pyrrole-like ring is rotated 48° from this plane. 
The C jb's  are displaced by 1.46 (2) A and 1.42 (2) A from the least-squares 
plane (C2 & C3 respectively) thus avoiding steric collision between 
the Cb hydrogens and those on the quinone-like (ex-phenyl) ring 
ortho- carbons. Formally in tetraphenylporphyrins and their
derivatives the phenyl ring is rotated by 80-90’ from the mean plane 
to relieve the steric hindrance. The extra rotation from the mean-
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plane is greater than that in OEXP where the pyrrole-like ring is only 
rotated by 36.7° (compared to 48° in HzPDM) and no great steric 
constraints apply.
In the introduction to this chapter the spectroscopic evidence 
for the proposed structures in solution was mentioned. In the 1HNMR 
(Milgrom, 1983b> the F-H protons appear at very low field (<S»-,=9.5 
ppm). This is in contrast to those of HzT^BHPP which, by virtue of 
diamagnetic shielding, appear at high field relative to TMS (6h = -2.6 
ppm). Also, the tert-butyl protons appear as two singlets (£h=1.3 and 
1.6 ppm) at higher field than the lone tert-butyl singlet of HaT^BHPP 
(<Sh=1.7 ppm). This indicates that the tert-butyl protons of HaPDM 
have two different chemical enviroments. In the infra-red spectrum 
(Traylor, Folan & Hildreth, 1983) 0-H stretching bands were observed 
at 3600 and 3750cm-1 and a carbonyl absorption at 1560-1590cm- 1 . 
This latter carbonyl stretch is at a very low frequency for a carbonyl 
group absorption (Clezy, 1978) and is similar to that found in 
oxophlorins. Clezy suggests that this indicates a high degree of 
polarisation of the C-0 bond, which is consistent with dipolar forms 
like Figure 5.10 contributing to the oxophlorin structure. It is 
possible to draw similar structures for HzPDM. We can only conclude 
that the preferred structure in solution is different from that in the 
solid state, perhaps the presence of the water in the solid state 
structure is significant in determining the tetraone type structure.
It is also useful to consider metal complexes of oxophlorins 
(Clezy, 1978) since these may give us an insight into the structures 
adopted by metallo-complexes of H2PDM . The evidence for oxophlorins
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(a)
V ©
(b)
Figure 5.10 Oxophlorin <a) with an alternative 
tautomer with polarised C-0- bond <b)
is that the chelation of divalent metal ions is through the hydroxy 
tautomer to give complexes formulated as in Figure 5.11. This is not 
unexpected as the keto form (Figure 5.10a) is obviously unsuited 
structurally to complex with this type of ion. There is no evidence 
of carbonyl frequencies in the infra-red spectrum and they have a two 
band visible spectrum similar to metallo-porphyrin complexes. This is 
also the case with H2PDM, the tetraone form (Fig 5.2c) is unsuitable 
for incorporation of a divalent metal ion and the dione/diol forms 
(Fig 5.2a & b) seem more likely ligands. Milgrom (Milgrom, Jones & 
Harriman, 1988) have discussed the possible structures for complexes 
containing Zn(II), Cu(II), V(IV)=0, Hi (II), Pd(II), Pt (II), Mn(III) 
Sn(IV), Co(II), and Fe(III) in detail. Evidence for the structure of 
Zn(II)PDM in the solid state is available from the infra-red spectrum 
(as a KBr disc, Heesom, 1987). This shows the presence of both carb-
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Figure 5.11 Hydroxy form of oxophlorin complexed 
to a divalent metal
onyl (1740 & 1720cm-1) and hydroxyl (3480cm-1) stretches suggesting 
that the ligand structure is of the dione/diol form envisaged for the 
solution structure of HzPDM (Figure 5.2a or b).
Bonnet & Dimsdale (1972) have suggested that trivalent metal 
ions form complexes with the keto isomer of oxophlorin. They pre­
pared the Fe(III), Co(III) and Mn(III) complexes of octaethyloxo- 
phlorin, and all three complexes show a strong infra-red stretching 
frequency near 1550cm- 1 , due to the polarized meso-carbonyl group 
(Figure 5.12). The absence of a counter ion supports this. This is in 
contrast to the structure assigned to the Fe(III)Cl complex of an 
oxophlorin (Fig 5.13, Jackson, Kenner & Smith, 1968) where the 
hydroxyl form is the preferred one. However this complex was 
isolated by crystallisation from methanolic hydrogen chloride so it is 
probable that the addition of hydrogen chloride occured to give the
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(a) Cb)
Figure 5.12 Polarised (a) and keto <b) tautomers 
of oxophlorin complexed with a trivalent metal ion
Et Me
Me—
-OH
P P
P = CH2CH2COOH
Figure 5.13 Preferred structure for Fe(III)Cl complex 
of an oxophlorin (Jackson, Kenner & Smith, 1968)
meso-hydroxy derivative. Similar types of polarised structure to 
Figure 5.12 can be drawn for F e G I D P D H  (Fig 5.14a), but unfortunately 
attempts to obtain crystallographic evidence for this structure have 
not been successful. An alternative structure is shown in Figure 
5.14b).
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B^uBu,
Bu<Bu
<Bu Bu
BuBu
OH
(a)
OH
I
BuBu.
Bu Bu
)=0
Bu Bu
Bu1 Bu
OH
(b).
Figure 5.14 Two possible structures for the Fe(III)Cl
complex of PDK
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Crystal Structure of a Protonated porphyrin: 
CIUT^BHPP]2-, the Conjugate Acid of H^T^BHPP
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6.1 Introduction
The free base porphyrins are those derivatives which contain 
two hydrogens in the central core (Fig 1.9). The addition of a proton 
yields the 'monoacid' or monocation while the addition of two protons 
yields the 'diacid' or dication (Fig 6.1). The presence of four 
hydrogens within the core of the diacid results in considerable mutual 
repulsion, and consequently most of the diacid derivatives are highly 
puckered. Examples include EHa TPP]2'*' and EH*TPyP3^ (Stone & 
Fleischer, 1968) both of which are very non-planar with 4 (S*)
symmetry, a conformation which minimises the H---H interaction in the 
core. In contrast to the puckering of the entire porphyrin core in 
the diacids above, the steric strain in EHa OEP]2^ (Cetinkaya et af., 
1974) is relieved mainly by out-of-plane displacement of the hydrogen 
atoms with the core remaining essentially planar. The only other 
porphyrin like molecules with four hydrogens in the centre of the core 
are octaethylxanthoporphinogen (OEXP, Sheldrick W.S., 1976) and HssPDM 
which were described in Chapter 5. The bonding and m-system in these 
molecules is however very different from the diacid porphyrin 
derivatives.
Ci) <ii>
Figure 6.1 Porphyrin conjugate acids; <i) mono & (ii) diacid
6.2
The crystal structures of two monoacid salts have been reported 
(one in two different crystal systems). These are CH 3Q E P ] ‘*‘13“ in 
orthorhombic and triclinic forms (Hirayama et al.t 1981) and 
C H 3O E P ]  ■*"[ Re2Cl3<C0)G] "*■ (Hrung et al., 1978). These and some diacid 
structures will be discussed in more detail later.
Prior to the X-ray diffraction study of the oxidised porphyrin, 
HzPDK (Chapter 5) a number of possible structures were proposed for 
this compound. Amongst these possibilities were ruffled 4 (SA ) 
structures which relieved the steric strain between the hydrogens on 
the pyrrole 0-carbons and the quinone-like ortho- carbons. These 
structures are similar to those observed for some of the diacid 
derivatives. It seemed useful therefore to determine the crystal 
structure of an acid derivative of HzT^BHPP since this would have 
assisted in the prediction of a structure for HzPDM, prior to the 
successful completion of the X-ray diffraction study.
Once the crystal structure of HzPDM became available it was 
obvious that the steric repulsion described above is relieved in the 
predicted fashion, although the pyrrole-type rings in this compound 
are rotated 48* from the mean plane (Pm) compared to only 33* in 
LIUTPP]2'*' (Stone & Fleischer, 1968). This latter rotation is similar 
to that in OEXP (36.7*, Sheldrick W.S., 1976) and larger than the 22.5* 
in C H V T ^ B H P P ] ( r e p o r t e d  here). It is possible that the additional 
rotation out of the plane in Hs>PDH (and hence the very severe 
puckering) is due to the extra interaction of the hydrogen atoms on 
the quinone-like group and the pyrrole 0-carbons.
Hoard (1975) has described the 4 (S4 ) conformation of conjugate 
acids, CHa TPP]2'*' and C H * T P y P ] ( S t o n e  & Fleischer, 1968). Starting
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from a planar D*»-, conformation of the porphyrin skeleton and using 
the four Cm carbon atoms as pivots, the pyrrole rings with their 
attached C<x-Cm bonds are tilted alternately up and down with respect 
to the unique 4 axis. The resulting configuration of the positively 
charged IT-H group in the EHa TPP]2^ ion is well designed to minimise 
the destabilising effects of the Coulombic interaction and of closed- 
shell overlap of the hydrogen atoms.
As a consequence of the marked disphenoidal (4) configuration of 
the pyrrole rings, the phenyl or 4-pyridyl substituents in CHa TPP]2"'' 
and CH*TPyP]^ respectively (Stone & Fleischer, 1968), approach closer 
to coplanarity with the contiguous pair of C<x-Cm bonds than is 
allowed in the neutral free base porphyrin. In C fL*.TPP3 ^  and 
[ l U T P y P l t h e  Cm-Cp bond lengths of 1.45(3) and 1.46 (2)A 
respectively are shorter than the corresponding bonds in HssTPPt.t., 
1.514(7) (Hamor, Hamor & Hoard, 1964) or HzTPP-tr-i, 1.504(5) (Silvers & 
Tulinsky, 1967); although large standard deviation precludes any 
definite conclusions there is evidence of conjugation between the 
phenyl ring and the porphyrin rc-system in some cases (see Chapter 8, 
Section 8.3).
6.2 Experimental
Crystals of the conjugate acid of HssT^BHPP were obtained by 
error. Early attempts at solving the structure of the oxidised 
porphyrin H2 PDK were unsuccessful and it was decided at one stage to 
attempt to grow crystals of its conjugate acid which is readily 
prepared in solution. The addition of trifluoroacetic acid to what 
was supposed to be a solution of HstPDM in acetone produced crystals
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of what later proved to be CHa T^BHPP] [ZnCCFaCOQ)*] . The only 
explanation for this is that the complex ZndDT^-BHPP was used instead 
of the oxidised porphyrin Hs>PM. In zinc porphyrin complexes the zinc 
ion is readily removed under acidic conditions; this would explain the 
formation of the conjugate acid and the zinc complex anion. Small, 
bright green, hexagonal platelet crystals of C lUT^BHPP] were grown 
from a trifluoroacetic acid/acetone solution. These crystals were 
stable and were mounted on glass fibres for investigation.
6.2.1 Camera Studies
Although the hexagonal platelet crystals had excellent morphology 
they were small and very thin. A crystal was mounted on an X-ray 
camera to determine whether they diffracted sufficiently to allow data 
collection. A preliminary investigation on an oscillation camera 
showed that the crystals diffracted albeit weakly and long overnight 
exposures were required. Several X-ray photographs were also taken at 
-20 °C, using a liquid nitrogen low-temperature unit, but these showed 
little improvement in diffraction and attempts to reduce the 
temperature further resulted in the fragile crystal undergoing 
fracture. Although the diffraction pattern was extremely weak it was 
decided to collect a data set on the diffractometer to see whether 
sufficient information could be obtained to solve the structure.
6.2.2 Mo(Kot) Data Collection
Initially only Mo(K«) radiation was available for data collection 
and a data set was collected using this, although it was anticipated 
to be poor in view of the weak diffraction. Later, however, a Cu<K«)
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set was collected to allow refinement of the structure. 25 reflections
were located by using the standard search procedure (Section 1.5.1)
and after automatic centering these were indexed to a tetragonal cell.
The deviations of the angles from 9 0 ’ were, however, quite large. A
Polaroid rotation photograph was taken and 7 reflections measured
from it. Automatic centering of these reflections gave a monoclinic
cell, although it was noted that the b-axis was almost equal to the c-
axis in the previously determined tetragonal cell. By overlaying the
two lattices it was obvious that they were equivalent (Figure 6.2).
The tetragonal cell was used to collect a high angle data set
(11(6(13’) and 17 accurately centred reflection from this gave an
improved, though still poor, cell;
a=20.290(6) a=89.99(4)
b=20.286 (10) £=90.08 (3)
c= 12.493 (6) *=89.93(4)
Figure 6.2 Monoclinic and tetragonal lattices overlaid
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A full data set, including two octants (to allow data averaging), 
was collected (1(8(20°, 0(h(19, -19(k(19, 0(1(12). The N(z) cumul­
ative probability distribution indicated that the structure was 
centrosymmetric and systematic absences (hkO, h+k=2n+l; hhl, l=2n+l) 
determined that the space group was P4s>/nmc. It was also noted that 
in the general reflections (hkl) there was a systematic weakening for 
h+k+l=2n+l which suggests that the molecule is centred on the 42m 
special position. This was confirmed when the structure was solved 
by direct methods (SHELX-86, Sheldrick G.M. 1985). Even though this 
proved to be the correct solution, it did not refine because of the 
poor data quality.
6.2.3 Cu(K«) Data Collection
A second data set, using Cu(K«) radiation, was collected from a 
crystal measuring 0.25 x 0.2 x 0.05 mm. 7 reflections were measured 
from a Polaroid rotation photograph, accurately centred, and indexed 
to give the tetragonal cell detailed above. Accurate unit cell para­
meters were determined from 25 accurately centred reflections 
(20(8(40°) located in a fast data collection;
a=20.293 (4) c=12.5075 (12)
The intensity of the 110 reflection was monitored hourly and showed 
no significant variation in intensity during the data collection. Of a 
total of 4275 reflections collected (1(8(60°, 0(h(22, 0(k(22, 0(1(14) 
2041 were unique and 828 observed (D3<r(I)). Data collection para­
meters are summarized in Table 6.1.
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Compound [ lUT^BHPP] *-[ ZnCCFsCOO)^.]2". 6H20
Formula CqaHiizNaOieFizZu
F.V., amu 1759.2
Temp K 293
Cryst. system Tetragonal
Space group P4s>/nmc
a, A 20.293(4)
b, A 20.293(4)
c, A 12.5075(12)
oc, deg 90.0
j3, deg 90.0
1C deg 90.0
V, A3 5150.(2)
Z 2
F (000) 1852
Dc.ic, Kg m -3 1.134
Cryst. dimens, mm 0.25 x 0.20 x 0.05
Radiation Mo(K<x) (X=1.54184A)
Konochromator graphite
p, cm-1 9.9
Scan type w-28
Geometry bisecting
8 range, deg 1-60
Indices collected 0(h(22, 0(k(22, 0(1(14
Reflections 2041 unique measd; 828 used (I>3<r(I))
Scan speed, deg
min-1 3.3
Ko. of least-square
parameters 153
Data/parameters 5.4
R 0.1003
Rw 0.1318
S 1.181
Slope, norm prob
plot 1.01
Table 6.1 Summary of Crystallographic Parameters
6.8
Inspection of the zones data and F (z) cumulative probability 
distribution confirmed the previously assigned space group <P42/nmc).
The structure was solved by direct methods (SHELX-86, Sheldrick 
G.M., 1985) which indicated a zinc ion on one 42m special position and 
the porphyrin centred on the other 42m. The presence of zinc in the 
crystal was later confirmed by microprobe analysis. The location of 
the porphyrin diacid places severe restrictions on the macrocycle 
which has required 42m symmetry. The direct methods solution also 
indicated the presence of several water molecules hydrogen-bonded to 
the diacid and the I Z n ( C F 3 C 0 0 ) * ] a n i o n .  With all atoms included 
(including two oxygens from water molecules) in a least-squares 
refinement the reliability index reduced to 20%. Two hydrogens (on 
one of the water molecules 0(F) and the nitrogen (FD) were located in 
a difference electron density map, others were added in calculated 
positions (dH=1.0A). Application of a semi-empirical absorption 
correction (DIFABS, minimum correction=0.451, maximum=1.98, Walker & 
Stuart, 1983) and further least-squares refinement on the non-hydrogen 
atoms reduced R to 0.157. With all non-hydrogen atoms anisotropic the 
structure converged at R=0.100, Rw=0.132 (w=[<r2 (I) + (0.06F2 )23“**), 
S=1.181. The highest residual peak in a final difference map was
0.76e/A3 . All calculations, apart from the structure solution detailed 
above, were carried out using the SDP crystallographic package 
(Version 3.0, Frenz, 1985).
6.3 Results and Discussion
The molecular structure and numbering scheme of both the cation 
CiUT^BHPP]** and anion EZn(CF3C00).*]2_ are shown in Figure 6.3. A
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stereoview of the cation and a packing diagram are given in Figures 
6.4 and 6.5 respectively. Atomic coordinates and selected bond 
distances and angles for the cation are given in Tables 6.2 and 6.3 
respectively. Table 6.3 also compares the bond distances and angles 
with those found in other diacid porphyrin conjugates. Bond distances 
and angles in the anion are given in Table 6.4 and anisotropic thermal 
parameters are given in Table 6.5. Figure 6,6 summarizes the least- 
squares planes data for the C Ha T^BHPP] ^  ion. Positional parameters, 
including those not included in the refinement, full bond distance and 
angle tables, least-squares planes data, and FoFc tables are included 
in Appendix F.
The molecule is centred on a 42m symmetry position so the 
porphyrin must have this required crystallographic symmetry. The 
phenyl rings have their C21---01 axes along the 2-fold direction and 
the pyrrole-like rings are cut, through the Cb-Cb bond, by the mirror 
plane at 45* to this 2-fold, the nitrogen atom lying on the mirror 
plane. The nitrogen atoms are displaced ±0.124 (10)A from the mean 
nitrogen plane <PN ) and the pyrrole-like ring is, as expected, planar. 
The phenyl ring is rotated by 37.8(4)* to the mean nitrogen plane (Pn ) 
and 56.1(5)* to the porphyrin mean plane (Pc). As expected, the phenyl 
ring is also planar with a mean C-C bond distance of 1.397 (6)A and 
CCC angle of 120(1)*. The phenolic C-0 bond is 1.364 (8)A, which is as 
expected (1.362(15)A, Allen et al.t 1987) and also agrees with the 
corresponding distances found in the zinc(II) and palladium (ID-T^BHPP 
structures (Chapter 2, 1.377(12)A & 1.379(9)A respectively).
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■HCON)
OCN)
Zn
CC101
Figure 6.3 ORTEP (Johnson, 1965) plot of the cation 
and anion with the numbering scheme used. The cation 
and anion have 50% & 20% ellipsoids respectively
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Figure 6.4 Stereoview of the cation showing hydrogen- 
bonded water molecules
Figure 6.5 Packing diagram
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Atoa X y z B*o
ZN 0.000 0.000 0.500 6.40(8)
FI 0.000 0.2356(7) 0.344(1) 17.0(7)
F2 0.0487(6) 0.1636(6) 0.257(1) 15.0(4)
0(N) 0.000 0.000 0.161(1) 3.7(3)
01 0.3168(3) 0.317 0.000 8.8(3)
02 0.000 0.0706(7) 0.400(1) 9.4(5)
03 -0.033(1) 0.152(1) 0.495(2) 10.5(7)
04 -0.1169(9) 0.000 0.279(1) 13.1(7)
N1 0.000 0.1047(5) 0.0099(8) 2.1(2)
C3 , 0.0340(4) 0.2029(5) -0.0572(8) 3.1(2)
C4 0.0563(4) 0.1405(4) -0.0160(7) 2.2(2)
C5 0.1205(4) 0.120 0.000 2.3(2)
C21 0.1728(4) 0.173 0.000 2.7(2)
C22 0.1643(5) 0.2310(4) 0.0596(8) 3.1(2)
C23 0.2126(5) 0.2799(4) 0.0598(9) 3.9(2)
C24 0.2001(7) 0.3425(6) 0.128(1) 7.1(4)
C25 0.131(1) 0.3416(7) 0.182(1) 12.5(6)
C26 0.197(1) 0.4040(7) 0.051(2) 11.1(6)
C27 0.254(1) 0.3531(8) 0.210(1) 13.1(5)
C28 0.2692(4) 0.269 0.000 4.5(2)
C100 0.000 0.127(1) 0.412(2) 7.3(6)
C101 0.000 0.174(1) 0.324(2) 8.1(6)
H (ON) 0.0332 0.000 0.1933 4*
H(N) 0.000 0.0664 0.0820 4*
Table 6.2 Fractional atomic coordinates with e.s.d.'s in parentheses 
and B«c thermal parameters (A2). The B»q values are calculated 
according to the equation B^=*/3XiEjBijai.aj.
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EEUTPP32- E H^TPyPl*+ E H*0EP] C HVT^-BHPP]:
Reference (1) (1) (2) This work
C 0 - — - 1.364(8)
I Coc 1.39(3) 1.38(2) 1.381(9) 1.393(10)
Coc CjB 1.43(3) 1.44(2) 1.443(10 1.440(12)
C b CjB 1.35(3) 1.33(2) 1.347(15) 1.378(12)
Coc Cm 1.40(3) 1.40(2) 1.377(10) 1.379(10)
Cm Cp> 1.45(3) 1.45(2) - 1.502(8)
r R' * 2.88 3. 01 2. 957+ 3.104(9)
Coc R Coc* 108. (2) 109. (1) 110.4(8) 110.3(8)
R Co, Cb 108. (2) 107.(1) 106.2(6) 106.5(7)
Coc Cm Coc- 120. (2) 124. (1) 127.5(9) 125.4(6)
Coc CjB Cja- 108.(2) 109.(1) 108.6(7) 108.4(8)
R Coc Cm 125.(2) 126.(1) 126.4(7) 125.9(7)
f Non-bonded contact distance between adjacent nitrogens
* Average of two statistically unequal distances 2,992(15)A & 2,922(15)4
(1) Stone & Flei s c h e r  1968
(2) C e t i n k a y a  et aJ,, 1974
Table 6.3 Comparison of bond lengths (A) and angles (*) 
in [ BUT^BHPP]with other relevant structures.
Zn 02 1.90(2) C100 C101 1.45(3)
C101 FI 1.27(3) C100 02 1.16(2)
C101 F2 1.32(2) C100 03 1.34(3)
02 Zn 02 ‘ 97.6(7) FI C101 F2 107. (1)
02 Zn 02" 115.7(4) FI C101 C100 120. (2)
02 C100 03 118.(2) F2 C101 C100 112. (1)
02 C100 C101 124. (2) F2 C101 F2* 97.(2)
03 C100 C101 110. (2)
Table 6.4 Bond lengths (A) and angles C) in EZn(CF3CCXD)^ ]
Nane 0(1,1) U(2,2) U(3,3) U(l,2) 0(1,3) U (2,3)
ZN 0.094(2) U (l,l) 0.055(3) 0 0 0
FI 0.44(3) 0.09(1) 0.12(1) 0 0 -0.01(1)
F2 0.20(1) 0.20(1) 0.161(8) 0.011(9) 0.058(8) 0.075(8)
Q(N) 0.059(8) 0.040(7) 0.041(7) 0 0 0
01 0.076(4) U (l,l) 0.18(1) -0.053(5) -0.005(8) -U(1,3)
02 0.13(1) 0.10(1) 0.13(1) 0 0 -0.00(1)
03 0.18(2) 0.13(2) 0.09(1) -0.00(1) 0.04(1) -0.02(1)
04 0.10(1) 0.29(2) 0.11(1) 0 -0.01(1) 0
N1 0.026(5) 0.026(5) 0.026(5) 0 0 -0.001(6)
C3 0.041(5) 0.032(5) 0.046(5) -0.008(5) -0.001(5) 0.016(5)
C4 0.027(4) 0.025(4) 0.030(5) -0.004(4) -0.002(4) 0.012(4)
C5 0.027(4) U(l, 1) 0.034(6) -0.001(5) -0.003(6) -U(l,3)
C21 0.033(4) U (l,1) 0.038(6) -0.006(6) -0.006(6) -li( l,3 )
022 0.046(5) 0.028(5) 0.044(5) -0.001(5) 0.001(6) -0.004(5)
C23 0.064(6) 0.025(5) 0.061(6) -0.019(4) -0.011(7) -0.000(6)
C24 0.13(1) 0.043(6) 0.092(9) -0.030(8) 0.01(1) -0.025(7)
C25 0.24(2) 0.066(9) 0.17(1) -0.02(1) 0.12(1) -0.055(9)
C26 0.18(2) 0.042(8) 0.20(2) 0.00(1) 0.01(2) 0.01(1)
C27 0.24(2) 0.12(1) 0.14(1) -0.03(1) -0.11(1) -0.05(1)
COC^l
C
J 0.048(5) U (l,l) 0.074(9) -0.028(6) 0.005(8) -U(1,3)
C100 0.15(2) 0.07(1) 0.06(1) 0 0 -0.01(1)
C101 0.13(2) 0.11(2) 0.07(1) 0 0 0.01(1)
Table 6.5 Anisotropic temperature factors. The temperature factor 
expression for the non-hydrogen atoms is exp<-2x2iUn (ha* ) 2 + 
U2 2 <kb*)2 + U 33 <lc* ) 2 + 2Uizha*kb* + 2Uiaha*lc* + 2 U2 3 kb*lc*> >
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Figure 6.6 Deviations from the mean nitrogen 
plane (PN) for tH^BHPP]2- (m 0.01 A units)
The porphyrin bond angles and distances in [ HaT^BHPP] are as 
expected for a conjugate diacid (Table 6.3). The C«NC« angle is 
typical of the amine (pyrrole-like) nitrogen in a free base porphyrin 
and a monoacid (Tables 6.6 & 6.7). It should be noted that the 
monoacids contain three different rings, the protonated ring having 
different dimensions from the other two. The CocCm C« is typical of a 
mesa-substituted porphyrin and is smaller than the same angle in a £- 
pyrrole substituted porphyrin, e.g. [ HaOEP] 2'*\ The central hydrogen 
atoms are hydrogen-bonded in trans pairs to water molecules situated 
above and below the macrocycle (0(IT) • ■ -Nl=2.844(13)A, Figure 6.4) in a 
similar fashion to those in Hs>PDM (Chapter 5) or OEXP (Sheldrick W.S., 
1976). In [IUTPP]2'*' and CtUTPyP]2'* the hydrogens are weakly 
hydrogen-bonded to chloride ions (N* • 'C1=3.11A & 4.14A respectively) 
and to a rhodium bonded chloride in C HaOEP]2'*'. 2[ RhCl2(C0)2;]~ (N---C1=
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Ring 1 Ring 2
R Coc 1.374* 1.364
C « c ^ 1.428 1.455
CjB c * 1.355 1.347
Coc Cm 1.400
Coc R Coc- 109.2 106.2
R Coc C * 107.3 110.3
Coc Cm C o ,- 125.6
Coc CjB CjB- 108. 1 106.8
R Coc Cm 126. 0 126.3
*  S tandard de v i a t i o n s  of the lengths and angles of the C-C and C-N 
bonds are a p p r o x i m a t e l y  0 , 0 0 5 - 0 , 0 1 A and 0 , 5 - 0 , 8 flres p e c t i v e l y
Table 6.6 Bond lengths (A) and angles (*) in triclinic HzTPP showing 
the difference between the pyrrole-like (Ring 1) and pyrroline- 
like CRing 2) rings, from Silvers & Tulinsky 1967
Ring 1 Ring 2 Ring 3
Co, R Coc- 110.7(6) 105.3(6) 108.3(6)
111.1(8) 103.7(8) 109.3(8)
110.(2) 107. (1) 109.(2)
R Co, C.B 106.6(6) 110.4(6) 107.3(6)
106.3(8) 112.7(9) 107.4(9)
109. (2) 110. (2) 107. (2)
Coc C & C b  • 108.1(6) 107.0(6) 108.1(6)
108.2(9) 105.(4) 107.(9)
108.(2) 107. (1) 109.(2)
1 Hrung et aJ,, 1978
2  Hira y a m a  et al,, 1981 EHsOEPl-Ia" Benz e n e  solv a t e
3  Hira y a m a  et a!,, 1981 E H s O E P l ^ I s - Q r t horhombic form
Table 6.7 Bond angles (') in Xonoacids showing the difference 
between the pyrrole-like (Ring 1) pyrroline-like (Ring 2) 
and protonated (Ring 3) rings.
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3.34A, Cetinkaya et al., 1974). The water molecule (0(N)) is also 
weakly hydrogen-bonded to the anion (0(ID • ■-02=3.31 (2)A) and a second 
water molecule (04) is hydrogen-bonded to OGD, O G D  ■ ■-04= 2.79(2)A. 
The two hydrogens located in a difference electron density map were 
not refined (attempted refinement resulted in unreasonably small 
angles) and the lengths of the bonds involving these atoms 
(H1-H(R)=1.19 (1)A & OGf)-H(OR)=0.79 (6)A) are consequently poorly
defined. They are, however, in the expected positions.
The anionic group is weakly hydrogen-bonded to the phenolic 
oxygen, 01 ••• 03=3.12(2)A and more strongly hydrogen-bonded to the 
second water molecule, 03-•-04=2.98(3)A. This network of hydrogen 
bonds gives a clathrate-like structure similar to that found in the 
molecular structure of HsPDX (Chapter 5). The zinc(II) ion in the 
anion is sited on the second 42m symmetry position in P4s;/nmc and the 
trifluoroacetate ligand lies on the mirror plane. The geometry about 
the carboxylate carbon is not planar as would be expected. One of the 
oxygens of the carbonyl group appears to be out of the plane and was 
refined as a disordered atom. To check whether this was a result of 
the refinement in P4s>/nmc the space group symmetry was reduced to 
P4s>/n (to remove the mirror plane). The oxygen atom however still
appeared disordered in two positions. The other atoms (02, C100, C101 
and FI) did not move significantly out of plane (±0.006(20)A) whereas 
the disordered oxygen was displaced by ±0.63 (3)A from this plane, a 
very similar situation to that which occurs in P45t/nmc, The reason 
for the non-planar carboxylate group is unknown, the closest contact 
apart from the hydrogen bond detailed above (03---04) is between 03 
and C26 at 3.40(3)A. The remainder of the anion has the expected
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structure, the fluorine atoms showing large thermal motion as is 
normal in such compounds.
A search of the Cambridge Crystallographic Database (Allen et 
al.t 1979, 63589 entries) for bond distances and bond angles in tri- 
fluroacetate groups (88 hits) gave an average C-F bond length of 
1.288(6)A) and a FCF angle of 105.7(6)° which compare favourably with 
the average values determined here (C-F=1.29(2)A, FCF=102.(2)°). The 
mean C-C bond distance of 1.528 (4) A does not differ significantly (at 
a 3o' level) from that determined here, 1.45 (3)A. In addition the mean 
C-0 distance of 1.237 (4)A, compares favourably with the average of
1.26 (3)A, although the two independent C-0 distances in [ Ha T ^ B H P P I ^  
1.16 (2)A & 1.36 (3)A are significantly different . The CFaCOO- groups 
in the complex anion show unusual structural features. Normally the 
C-0 bond coordinated to the metal is a single bond and is longer than
the other C-0 bond which is formally a double bond. The results here
are contrary to expectation. This and the non-planarity of the
carboxylate group defies explanation at this stage.
O
F3C-C-O
«
Figure 6.7 Expected bonding pattern in the [Zn(CF3COO)* 3 anion
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7.1 Introduction
The original structural investigation of aquozinc (II) tetraphenyl- 
porphyrin (HaO)Zn(II)TPP by Fleischer et al. (Fleischer, Miller & Webb, 
1964) had suggested that the zinc was six coordinate with two water 
molecules and having overall 4/m symmetry. Later Glick et al. (Glick, 
Cohen & Hoard, 1967) reported that, using the same data, they had re­
refined the complex as a disordered five coordinate species with only 
one water molecule and the zinc displaced from the mean porphyrin 
plane, by approximately 0.19 A. However due to poor data this 
displacement was poorly defined. In conjunction with the other 
porphyrin structural studies reported in this thesis it was decided to 
re-investigate this structure and get a more accurate value for the 
displacement.
7.2 Experimental
Suitable crystals for X-ray studies, crystallised from benzene, 
were provided by Silver & Jassim (Golder et al., 1988b). The crystals 
were deep purple and square bipyramidal in shape.
Accurate unit cell parameters were measured on a CAD4 
diffractometer using 25 accurately centered reflections (13*^6^15°) 
from a crystal of dimension 0.5 x 0.5 x 0.7 mm. Data collection 
conditions are summarized in Table 7.1. The 060 reflection was 
monitored hourly, variation of its intensity was insignificant during 
the data collection period and after data reduction from a total of 
1115 unique reflections 843 had D3o*(I). Intensity statistics, as 
given by the M (z) cumulative probability distribution were below the 
centric distribution but above acentric. It was thought that this
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Compound 
Formula 
F. V. , amu 
Temp K
Cryst. system 
Space group
a, A
b, A
c, A 
a, deg
deg 
t > deg 
V, A3 
Z
F(000)
Dc.ic, Mg nr3 
Cryst. dimens, mm 
Radiation 
Monochromator 
p, cm-1 
Scan type 
Geometry 
9 range, deg 
Indices collected 
Reflections 
Scan speed, deg 
min-*1
Mo. of least-square 
parameters 
Data/parameters 
R
Rw
S
Slope, norm prob 
plot
HzOZnTPP 
C 4 . 4 . H 3 0 N  i * Q Z n  
693.13 
293
Tetragonal
I4/m
13.425(2)
13.425(2)
9.6934(10)
90. 0 
90. 0 
90. 0
1747.1(7)
2
720
1.323
0.5 x 0.5 x 0.7 
Mo(K«) (\=0.71069A) 
graphite 
7.6 
0-28
bisecting
1-28
0(h(17, 0(k(17, 0(1(12
731 unique raeasd; 641 used (I>3o'(I))
3.3
72
8.9
0.043042
0.05878
1. 054
0.96
Table 7.1 Summary of Crystallographic Parameters
was due to the out-of-plane displacement of the zinc ion, the 
disordered zinc ion was only on average in the plane and the dis­
placement was thought to be sufficient to reduce the probability 
distribution. Thus I4/m, as used by Glick et al. (Glick, Cohen & Hoard, 
1967) was the space group of choice. However it was possible that 
the structure was ordered and in space group 14. A precedent for the 
ordered and disordered forms of aquozinc(II)tetraphenylporphyrin is 
available in the isomorphous chlorocobalt (III) tetraphenylporphyrin 
(Sakurai & Yamamoto, 1976; Sakurai et al., 1976) which was shown to 
crystallise from solution in both forms.
7.2.1 Refinement of an Ordered Model in 14.
The structure was solved by direct methods using MULTAH (Main et 
al., 1978) and this located all the non-hydrogen atoms. A least- 
squares refinement with isotropic temperature factors converged at 
R=0.126 with hydrogen atoms added at calculated positions (dH=1.0A). 
An absorption correction by DIFABS (Valker and Stuart, 1983) reduced 
R to 0.066 with minimum and maximum corrections 0.637 and 1.631 
respectively. Full matrix anisotropic refinement first for heavy 
atoms, then for all non-hydrogen atoms converged at R=0.043, Rw =0.054, 
S=1.647. However in non-centrosymmetric space groups the correct 
absolute configuration must be determined as two different enantiomers 
are possible. The results will not be identical for each enantiomer 
as they are in centrosymmetric space groups and the agreement between 
the observed and calculated structure factors will be better for one 
of the enantiomers. The enantiomer was changed (to enantiomer 2), and
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refinement repeated. This resulted in convergence at R=0.042, 
Rw=0.053, S= 1.625 for 843 reflections.
To decide which of the two results is the better the observed 
and calculated structure factors for each could be compared although 
this is a difficult and relatively insensitive procedure. Hamilton 
(1965) reported a significance test on the crystallographic R factor 
which allows one to decide whether the addition of parameters or the 
imposition of fixed relationships between parameters results in a 
significant improvement or worsening of the agreement between 
observed and calculated structure factors. This test has been applied 
to the determination of absolute configuration but Rogers (1981) has 
warned of possible misuse in some cases. In the present situation it 
was decided that the test could be reasonably applied and the results 
accepted.
The hypothesis 'The second absolute configuration is correct' was 
tested. The hypothesis is one-dimensional, mirroring the structure 
and the thermal ellipsoids in the plane z=0 necessarily reverses the 
signs of all the appropriate parameters for all atoms en masse which 
is a single operation. The hypothesis has 843-114 =729 degrees of 
freedom (the number of observations minus the number of parameters in 
the refinement) and this was to be investigated at a 99.5% confidence 
level (0.005). The Hamilton R-factor, Ri ,7 2 9 ,0 . 005 = 1.0053 quoted by 
Rogers (1981, equation 4) was used. The weighted R factor (Rw) is 
more likely to give the correct assignment (Rogers, 1981) so we calc­
ulate Rw (enant 1)/Rw (enant 2) = 1.0135. The experimental value is 
much larger than the Hamilton R-factor and hence there is 99.5% 
confidence that enantiomer 2 is the correct choice. Further calc­
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ulations increased this confidence level to 99.999%. Thus the second 
enantiomer is accepted as the correct solution and the results are 
presented for this absolute configuration.
At the end of the refinement the largest shift/error was 0.08 and 
the highest peak in a difference electron density map was less than 
0.35e/A3 . The structure appeared to be well refined although there 
were some worrying features i.e. the Zn-0 bond length was very long at 
2.356 (ID A  and the zinc ion was only 0.064 (4)A displaced from the 
mean porphyrin plane. This is unexpected on the basis of other 
studies of five coordinate zinc porphyrins (see discussion below). 
Some of the thermal ellipsoids (Figure 7.1) were also rather unusual 
in shape and direction of vibration. When the refinement was repeated 
with no absorption correction (DIFABS) and using only the data up to 
24' (to remove weak data) the thermal ellipsoids were more reasonable 
(Figure 7.2) and the structure converged at R=0.037, Rw=0.043, S=1.165 
for the correct enantiomer. The zinc ion was now however very nearly 
in the mean plane (Zn■••C*=0.016(3), where C-t is the centroid of the 
nitrogen least-squares plane, Pn) and Zn-0=2.359(10). Based on the 
previously reported structure (see discussion) this was not correct 
and was very similar to the original solution by Fleischer et al. 
(Fleischer, Miller & Webb, 1964) which Glick et al. (Glick, Cohen & 
Hoard, 1967) disputed on the basis of the long Zn-0 bond length.
7.2.2 Refinement of a Disordered Model in 14/m.
Using a reduced data set (1(0(24°) the structure was solved in 
14/m by direct methods using MULTAN (Main et al.t 1978) and this
7.6
Figure 7.1 Molecular drawing from first refinement in 14, 
using 28* data set, PSI & DIFABS corrections.
Figure 7.2 Molecular drawing from refinement using 28* 
data set and no absorption correction in 14
located all the non-hydrogen atoms. The zinc ion was displaced from 
the mean porphyrin plane as expected from the disordered model (after 
Glick et al.). Least squares refinement with isotropic temperature 
factors and hydrogen atoms added in calculated positions (dH=1.0A) 
reduced R to 0.077. However, when anisotropic temperature factors 
were applied to the non-hydrogen atoms the zinc ion started to move 
substantially in the z direction during final refinement. This event­
ually caused the zinc ion to move well out of the porphyrin plane.
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This was another reason for investigating the 14 ordered structure but 
the instability is believed to be due to a strong correlation between 
the z-coordinate and the U(3,3) temperature factor due to the close 
proximity of the mirror plane. In order to overcome this correlation 
and to allow the refinement of the structure it proved necessary to 
fix U(3,3) and refine just the z-coordinate and U(l,l) anisotropic 
temperature factor for the zinc ion (the U(2,2) is equal to U(l,l) by 
symmetry and x and y coordinates are constrained to remain on the 4- 
fold axis). The structure refined normally at this stage and converged 
with R=0.043, Rw=0.059 (Cw^CI) + (O.OdF2 )2 ]-*, pwt=0.04, qwt=3.0),
S=1.054. At the end of the refinement the largest shift/error was 
0.06 and the highest peak in a difference electron density map was 
less than 0.25e/A3 . The zinc displacement and Zn-0 bond length were 
close to those given by Glick et al. (Glick, Cohen & Hoard, 1967) and 
it was felt that this provided the correct solution as opposed to the 
ordered structure. All calculations were carried out using the SDP 
crystallographic package, version 1.1a (Frenz, 1983).
7.3 Results and Discussion
The molecular structure and numbering scheme used are shown in 
Figures 7.3 & 7.4. Two views of the packing diagram, Figures 7,5 & 7.6 
are provided for comparison to that of Zn(IDT^-BHPP (Figure 2.5). 
Atomic coordinates and bond distances and angles are listed in Tables
7.2 & 7.3 respectively. Anisotropic thermal parameters are given in 
Table 7.4 and Table 7.5 lists relevant data for other zinc porphyrins 
which are pertinent to the discussion. Positional parameters for all
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atoms, including those not refined, full bond length and angle tables, 
least-squares planes and FoFc tables are given in Appendix G.
Figure 7.3 ORTEP (Johnson, 1965) view of (H20)ZnTPP 
down z, showing the numbering scheme used
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Figure 7.4 ORTEP (Johnson, 1965) view of (HsO)ZnTPP down y
Figure 7.5 Packing diagram viewed down z
7.10
jure 7.6 Packing diagram viewed down y
Atofi X y 2
ZN 1.000 1.000 1.0179(1) 2.252(6)
0 1.000 1.000 0.248(1) 6.0(2)
N 0.8521(2) 0.9642(2) 1.000 2.85(7)
c m 0.8123(3) 0.8699(3) 1.000 3.02(8)
C(2) 0.7052(3) 0.8770(3) 1.000 3.57(9)
C(3) 0.6815(3) 0.9741(3) 1.000 3.64(9)
C (4) 0.7737(3) 1.0294(3) 1.000 2.99(8)
C(5) 0.7808(3) 1.1338(3) 1.000 2.94(8)
C (21) 0.6850(3) 1.1916(3) 1.000 2.94(81
C (22) 0.6397(3) 1.2179(3) 1.1209(4) 4.93(8)
C(23) 0.5507(3) 1.2708(3) 1.1202(5) 5.68(9)
C (24) 0.5075(3) 1.2967(4) 1.000 4.5(1)
Table 7.2 Fractional atomic coordinates with e.s.d.'s in parentheses 
and thermal parameters (A2). The B«q values are calculated 
according to the equation B^d^/sEiEjBijai.aj.
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Zn 0 2.228(12) If Zn If" 170. 31(8)
Zn If 2,050(3) If Zn If' 89. 6(1)
If Coc 1.372(5) Coc If Coc* 106. 8(3)
Coc Cb 1.442(6) If Coc c* 109. 2(4)
Cm C m 1.341(6) If Co. Cm 125. 9(4)
C« Cm 1.402(6) Coc Cm Coc* 125. 05(4)
Cm CP 1.502(6) If Zn 0 94. 84(4)
Table 7.3 Selected bond lengths (A) and angles (*) in (H20)ZnTPP
Naae 11(1,1) U (2,2) U (3,3) U(1,2) U(1,3) U(2,3)
ZN 0.0284(3) U(l,l) 0 0 0 0
0 0.077(4) U(l,l) 0.075(7) 0 0 0
N 0.030(2) 0.030(2) 0.048(2) -0.000(1) 0 0
Cl 0.036(2) 0.033(2) 0.045(2) -0.005(2) 0 0
C2 0.033(2) 0.040(2) 0.063(3) -0.008(2) 0 0
C3 0.027(2) 0.044(2) 0.067(3) 0.001(2) 0 0
C4 0.026(2) 0.038(2) 0.050(2) 0.001(2) 0 0
C5 0.033(2) 0.034(2) 0.045(2) 0.005(2) 0 0
C21 0.028(2) 0.033(2) 0.050(2) 0.001(2) 0 0
C22 0.054(2) 0.081(2) 0.053(2) 0.026(2) -0.002(2) -0.009(2)
C23 0.051(2) 0.084(2) 0.080(3) 0.021(2) 0.013(2) -0.017(2)
C24 0.030(2) 0.044(2) 0.097(4) 0.007(2) 0 0
Table 7.4 Anisotropic temperature factors. The temperature factor 
expression for the non-hydrogen atoms is exp<-2x2{0n <ha*)2 + 
U 22 (kb*)2 + U 33 (lc*)2 + 2Ui 2ha*kb* + 2U13ha*lc* + 2Ua3kb*lc*}>
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Complex (Zn - • - D . v g C t - • - IT C*. - ■ - Zn re:
A A A
ZnTPPHaO 2.050(3) 2. 043 0.173(1) 1
ZnTPPHsO 2.05(1) 2. 042 0.19 2
Zn(TPP-NHC(0) (CHDz.
C s H a IT • C g H s ) 0. 5Ch3CH2OH 2.059(10) 2.033 0.33 3
ZnTPP.2C6H5CH3 2.036(6) 2. 036 0 4
ZnTPPClCU* 2.076(9) 2.045 0.25 5
ZnTPP 2.037 (2) + 2. 037 0 6
ZnOEP. py 2.067(6) 2. 043 0.31 7
ZnTPyP.py 2.073(8) 2. 047 0.33 8
ZnTPP.(THF)2 2.057(2) 2. 057 0 9
*  a radical cation species
+ this is the aver a g e  of two n o n - e q u i v a l e n t  bonds 2 , 0 2 9 ( 2 ) A  & 2, 0 4 5 C 2 ) A
1 this work 6 Scheidt et al., 1986
2 Glick et al., 1967 7 Cullen & Meyer, 1976
3 Bobrik & Walker, 1980 8 Collins & Hoard, 1970
4 Scheidt, Kastner & Hatano,1978 9 Schauer et al,, 1985
6 Spaulding et al., 1974
Table 7.5 Comparison table for zinc<II)porphyrin complexes
Careful refinement and consideration of the other possible space 
groups has shown I4/m to be the correct choice, as determined by 
Glick et al. (Glick, Cohen & Hoard, 1967) in the disordered structural 
refinement and not 14 which would give an ordered structure.
The core size, 2.043A, as measured by the C*---N distance is the 
same as that for the four-coordinate ZnTPP (Table 7.5) and the k - 
bonded toluene/ZnTPP complex ZnTPP.2CeHsCH3 (Table 7.5). The displace­
ment of the zinc ion from the least-squares plane (0.174 (1)A) through 
the four nitrogens (Cf • • - Zn) is close to the 0.19A suggested by 
Glick et al. (Glick, Cohen & Hoard, 1967). They, however, thought that 
this was a minimum value because of their non-spherical data set. The 
bound water molecule has a Zn-0 bond distance of 2.228 (12)A. This is
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intermediate between that found for the Zn-0 bond in six-coordinate 
ZnTPP(THF)s, Zn-Q=2.380 (2)A (Schauer et al., 1985) and the Zn-O(water) 
bond distance in the Zn (acac)s>Hs>0 complex (Montgomery & Lingafelter, 
1963) where Zn-0=2.00A, the latter value being indicative of a much 
more tightly bound aquo ligand. Two other zinc porphyrins with an 
oxygen bound axial ligand have been reported. These are the cation 
radical ZnTPP (CIO.*) (Spaulding et al., 1974, Zn-Q=2.079 (8)A) and the 
disordered (H20)ZnTPP (Glick, Cohen & Hoard, 1967, Zn-02.00A). All 
atoms in the macrocycle core are in the mirror plane and hence planar. 
The phenyl ring, as expected, is also planar (Appendix G).
Other bond distances and angles do not differ significantly from 
those in other metalloporphyrins (Scheidt, 1978). The phenyl rings 
are perpendicular to the plane (by symmetry), the Cm -Cp bond (C(5)- 
C(21)) being a true single bond and showing no interaction between 
the phenyl and porphyrin aromatic systems (Masuda et al., 1982a). 
Silver (in Golder et al., 1988b) has pointed out that the data for the 
dihedral angle and Cm -Cp bond do not fit on the line of figure 6 of 
Masuda et al. (1982a, see Figure 7.7). In addition the data for the 
other zinc porphyrins listed in Table 7.5 do not fall on this line but 
it is noted that if the line passes through 1.51A (Cm -Cp ) at a 
dihedral angle of 90* then the fit is fairly good. Silver further 
notes, however that there is no theoretical basis for the plot to be 
linear. Also it has been stated (Bastiansen & Traetleberg, 1962) that 
for a C-C bond where both carbons are sp2 hybridised the expected 
length is around 1.48A and longer values as found for biphenyls 
(Hargreaves & Rizvi, 1962; Fowweather & Hargreaves, 1950; Smare, 1948) 
are due to steric repulsion of the hydrogen atoms on the ring.
7.14
Obviously such steric repulsions are present in tetraphenylporphyrins 
and would mask any mesomeric effects.
U m " "  ^ -'1
(A)
1-55
1*50
1*40
70 80 9020 30 60100
Dihedral Angle !0)
Figure 7.7 The Cm-C^ bond distance (A) vs. the dihedral 
angle <*) of the phenyl groups from the porphinato mean 
plane (reproduced from Masuda et al., 1982a>. See original
paper for details
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8.1 Introduction
Computer modelling finds many applications and when used with 
care can provide some useful insights into molecular structures and 
electronic properties. The CHEMX manual (Chemical Design, Oct 1987) 
summarizes this particularly well in the statement, 'Often, with a 
little luck and some skill, a method (energy calculation) can be found 
which produces a series of results that stimulate ideas which 
contribute to a better understanding of the desired structural 
properties (and hence a successful modelling study)'. A modelling 
study cannot be carried out successfully without continual cross­
checking with any experimental data that is available, one of the 
benefits (and risks!) of computer modelling being that it is not 
constrained by chemical sense so that novel 'experiments' can be tried. 
The onus is on the operator to supply the chemical sense and 
experimental data to back up the modelling study.
Several applications of computer modelling relevant to this 
project were envisaged. These were
i) the display and understanding of complex molecular structures, 
ii) the prediction of structures such as that of the oxidised 
porphyrin, H2PDM and it's metal complexes, 
iii) the calculation of energy level diagrams to help explain, if 
passible, the electronic interactions between metal ions and the 
macrocyles occurring in MT*-BHPP and MPDM and the effect these 
might have on the ease of oxidation of MT^BHPP to MPDM (Section 
1.3.2).
Dedieu et al: (Dedieu, Rohmer & Veillard, 1982) have pointed out 
that despite large amounts of experimental data there are still many
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unknown factors regarding the electronic structure and stereochemistry 
of metalloporphyrins, either in biological molecules or their synthetic 
models. Some biological haems are not accessible to X-ray or neutron 
diffraction studies and some complexes are too unstable, except at low 
temperature and in solution.
Calculations relating to molecular structure and electronic 
properties can be carried out at different levels of sophistication 
and these are briefly discussed here.
8.1.1 Molecular Orbital Theory
The object of all molecular orbital (MO) calculation programs is 
to build a set of molecular orbitals occupied by the electrons 
assigned to the molecule. The most convenient method to achieve this 
is the Linear Combination of Atomic Orbitals (LCAO) formalism. Simple 
MO treatments, such as Huckel and extended Huckel theories, are based 
on one-electron treatments. That is, the electron is considered not to 
interact with the others in the molecule. Such methods have found 
wide use for transition-metal complexes and porphyrins (see later). 
More realistic methods however take electron-electron interactions 
into account by considering the interaction between an electron in a 
given orbital and the mean field of the other electrons in the 
molecule. This approach is known as the Self Consistent Field (SCF) 
method and a full description of this can be found in the book by 
Pople and Beveridge (1970).
A wide variety of programs are available with which to carry out 
LCAO-SCF calculations, differing primarily in the degrees of 
approximation (amount of parameter isat ion) used. Such quantum
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mechanical studies should be capable of answering some of the
questions regarding the structure and electronic properties of 
metalloporphyrins and should help solve some of the problems high­
lighted in this project.
8.1.1a Semi-Empirical Methods
Early studies on the theoretical interpretation of porphyrin
electronic states have been reviewed (Chantrell et al., 1975, 
Gouterman, 1978). These studies were based on crude approximations 
and could usually only explain specific experimental observations i.e. 
they were not general. The four-orbital model derived by Gouterman 
and co-workers (Gouterman, Vagniere & Snyder, 1963, Weiss, Kobayashi & 
Gouterman, 1965 and Zerner & Gouterman, 1966) based on the extended 
Huckel theory was a significant improvement and still finds extensive 
use, with some later refinements, for the interpretation of electronic 
states and spectra. Other semi-empirical methods have been applied to 
metalloporphyrins, such as the Pariser-Parr-Pople (PPP) Theory (Parr, 
1963) and the method of Complete Neglect of Differential Overlap 
(CNDO, Pople & Segal, 1965, 1966).
The particular methods that have been used as part of this
project are CNDO, which assumes the orbitals to be spherically 
symmetrical when evaluating electron repulsion integrals and MNDQ
(Modified Neglect of Diatomic Overlap, Dewar & Thiel, 1977). In con­
trast to the CNDO method MNDO takes into account the directionality 
of the atomic orbitals when calculating repulsion integrals.
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8.1.1b Ab Initio Methods
Recent improvements in the methodology of ab initio calculations, 
together with the rapid developments in powerful computers, have
allowed the treatment of relatively large molecules at the ab initio 
level. Although the term ab initio implies a rigorous, non­
parameterized molecular orbital treatment derived from first 
principles, this is not completly true. There are a number of 
simplifying assumptions in ab initio theory, but the calculations are 
more complete than those of the semi-empirical methods described 
above. It is possible to obtain chemical accuracy via ab initio 
calculations but because of the cost in computer time most 
calculations are performed at lower levels of theory than would be 
considered definitive, and the shortcomings are taken into account. A 
review of early ab initio calculations applied to metalloporphyrins 
has been published (Dedieu, Rohmer & Veillard, 1982), most of these 
being carried out on simplified model structures (Figure 8.1).
H H
* N
\ /
H H
<a) (b) (c)
Figure 8.1 Simplified models used in ab initio calculations
When transputers and parallel processing become commonplace such ab 
initio calculations on whole metalloporphyrin complexes will become
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routinely used; the other major constraint, the disk storage space 
required, is cheap to overcome.
Currently ab initio calculations at the simplest reliable level of 
the theory, ST0-3G (Slater-Type-Orbitals simulated by 3 Gaussian 
functions) are feasible but once more extensive basis sets and 
geometry optimisation are demanded the computations are restricted to 
supercomputers for molecules as large as the metalloporphyrins. STO- 
3G is a minimal basis set (Clark, 1985) in which only as many 
orbitals as are necessary to accomodate the electrons of the neutral 
atoms are used. The simplest basis set, however, is not always 
sufficient to answer the question being posed. For example, in order 
to investigate the energy cost of deformation of the porphyrin core, 
from planar to domed or ruffled geometries ab initio calculations have 
been used (Dedieu, Rohmer & Veillard, 1982). The result was that the 
corresponding energy values (Table 8.1) are close and the stability 
order depends on the basis set used. This suggests that in order to 
assess which structure is the most stable it is necessary to use an 
extended basis set, together with extensive geometry optimisation. 
This could take many hours on a Cray supercomputer.
Another problem is apparent in Table 8.2. The number of programs 
routinely parameterized for metal atoms is limited. Parameters for 
other metals are available in the literature but these are not always 
transportable since they often have been empirically developed for a 
specific problem and may not behave as anticipated in a different
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Molecule Basis Set* str.ug.ture
Planar D*h Ruffled Dssd
P2~ BS I -978.5215 -978.5495
BS II -980.5666 -980.5525
FeP(3A2G)+ BS II -2241.0951 -2241.0755
*  see original r eference for deta i l s  of the basis sets 
+ Ct-N constant at 1.97A for iron(II), S=1
Table 8.1 Relative Energies of Different Structures for P2- 
and FeP (Dedieu, Rohmer & Veillard, 1982)
molecule type. These have, therefore, not been used. The time required
to develop and test suitable parameters would have been excessive with
the available resources. The lack of suitable parameters is not readily
overcome until further experimental data becomes available to test the
models against. This is particularly so for the oxidised porphyrin;
the unparameterised ab initio calculations could help overcome this
problem once the computing cost becomes acceptable.
Limits on Programs
50 atoms
120 shells
450 exponentials
44 atoms (no hydrogens) 
70 atoms (equal numbers 
hydrogens + heavy atoms)
40 atoms
30 hydrogens 
30 heavy atoms 
150 orbitals
55 atoms, 70 orbitals 
300 goemetric variables
Table 8.2 Parameterisatian Limits for Programs 
within CHEJDC (Chemical Design, Oct 1987)
Program Elements Covered
Gaussian80
STO-nG H to Ar
n-21G H to Ar
n-31G H to Ne
CINDO
CNDO/2 H to Cl
INDO H to F
IC0N8
IEH H to Cl (not He/Ne)
MOPAC
MNDO H,B,C,N,0,F,Al,Si,P,Cl,Br,I 
MINDO/3 H, B, C, N, 0, F, Al, S i , P, Cl
PCIL03
CNDO H to Br
INDO H to Cu
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8.1.2 Molecular Mechanics
Molecular mechanics, or force field calculations are based on a 
simple classical-mechanical model of molecular structure and are the 
least rigorous (most parameterised) method commonly used. Molecular 
mechanics treats the molecule as an array of atoms governed by a set 
of classical mechanical potential functions. These are described 
briefly by Clark (1985) and more extensively by Burkert and Allinger 
(1982). There is very little physical significance in the parameters 
or energies in molecular mechanics calculations, different force fields 
often giving very similar results (they are all developed to fit 
experimental data) but for completly different reasons.
Once an initial starting geometry, often based on known 
fragments from X-ray crystallography or previous modelling exercises, 
has been entered, the interatomic distances, bond angles and torsion 
angles are calculated. The values obtained are then used in the 
different potential function expressions to calculate an initial steric 
energy, which is simply the sum of the various potential energies. The 
program then performs geometry optimisation by an optimisation 
technique, such as the Newton-Raphson method, which uses analytically 
evaluated second derivatives of the molecular energy with respect to 
the geometrical parameters. This technique is further simplified in 
some cases (such as in MM2P, Burkert & Allinger, 1982) by using a 
block diagonal method, and such methods are usually faster and more 
reliable. The optimisation is said to have converged once the energy 
and structure remain constant from iteration to iteration and the 
first derivatives are all close to zero. The calculation can thus be 
used to obtain an optimised, energy minimised, structure which can be
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used to give spectroscopic data, a dipole moment, and the heat of 
formation from which the strain energy can be evaluated. The structure 
can then be used to carry out molecular orbital calculations and even 
further geometry optimisation based on these more rigorous methods. 
It is general that the force fields developed for a particular purpose 
do not give good results when applied to other problems, thus some, 
but not all force fields can give vibrational frequencies.
Many force fields do not adequately treat conjugated dienes and 
this unfortunately is the type of structure encountered in the present 
project. Generally there is insufficient experimental data on
conjugated systems to make possible derivation of a force field
comparable in accuracy to those used for alkies and non-conjugated
olefins. However, since a reasonable number of porphyrin crystal 
structures are available we have attempted to derive suitable force 
fields for this type of molecule (see Section 8.2). Allinger and co­
workers (Allinger & Sprague, 1973, Kao & Allinger, 1977) have used a 
simple combination of quantum mechanical and classical mechanics to 
treat such conjugated molecules. A simple m-only molecular orbital
section is built into the molecular mechanics program to perform a MO 
calculation on the conjugated system based only on the input geometry. 
This calculation gives a set of bond orders and a total electronic 
energy, the bond orders being used to modify the force field for the 
conjugated system. Allinger's MM2P program (Kao & Allinger, 1977) has 
been used in this project to determine the possible structure of HzPDM 
and these calculations are described below.
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8.2 Experimental
One of the proposed applications of computer modelling in this 
project was the prediction of the structure of the oxidized porphyrin, 
H2PBM. It had been hoped that the three tautomeric structures 
proposed for H2PDM (Figure 5.2) could be modelled and the data 
obtained compared with experimental observations, in order to 
determine which, if any, was the correct structure (in solution). This 
has, however, not been possible.
Such calculations require geometry optimisation to obtain an 
energy minimised structure. At the highest level of’ calculation 
available, ab initio, full geometry optimisation is possible but 
expensive in terms of computing time and, for a structure as large as 
H2PDM, out of the question with the currently available resources.
To reduce the size of calculations, two model structures were 
used, XP (xanthoporphinogen, essentially the same as the crystal 
structure of octaethylxanthoporphinogen, OEXP (Sheldrick V.S., 1976) 
with the ethyl groups removed) and EPDM (etheneporphodimethene). 
Both of these are related (once the data was available, Chapter 5) to 
H2PDM, the former by replacement of the quinone substituent with a 
carbonyl group and the latter by replacement of the quinone 
substituent with an ethene group (Figure 8.2a & b). These models are 
still too large for ab initio calculations. Some semi-empirical 
calculations, such as MNDO, also allow full geometry optimisation. 
Vhen such an optimisation was carried out on XP and EPDM (as a 
models for H2PDM), however, correlation within the structure 
optimisation matrix meant it had failed. The program only allows 200 
orbitals and so would not run on H2PDM itself, the same correlation
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Y = 0 Y=CH2
(a) (b)
Figure 8.2 Models used in calculations, <a> XP and <b) EPDM
would be expected anyway.
A third geometry optimisation procedure, Molecular Mechanics, is 
available and widely used. Molecular mechanics has the advantage of 
being rapid and in most cases, where the force fields are appropriate, 
provides good final geometries. As stated above, however, force fields 
for porphyrins and molecules like HasPDM are not common. Two 
possibilities were examined, firstly a set of force fields were 
developed, by modifying those in COSMIC (Appendix H; Vinter, Davis & 
Saunders, 1987) in order to fit the available porphyrin 
crystallographic data. Secondly the SCF rc-orbital calculation in MM2P 
was tried in order to model EPDM and XP, although even in this case 
parameters involving the nitrogen atoms had to be added as they are 
not in MM2P or in those values obtained from CHEMX (see Section 
8.2.2).
8.2.1 COSMIC Molecular Mechanics Force Fields
Using the force fields available within COSMIC and adjusting or 
adding to these, it has been possible to obtain a set of force field
8.11
parameters that are capable of modelling porphine, puckered 
tetraphenylporphyrin, planar nickel(II) and zinc(II)-porphine (Appendix 
H). It is a relatively easy task to adjust individual parameters to 
fit a known structure (since a reasonable amount of structural data is 
available in the literature) but the parameters would need much more 
rigorous testing before application to unknown structures could be 
confidently carried out. The fact that porphyrins have a low energy 
of deformation means that crystal structures of the same material can 
often have quite different conformations of the macrocycle, for 
example the planar and puckered forms of HzTPP (Silvers & Tulinsky, 
1967; Hamor, Hamor & Hoard, 1964). This means that the geometry 
optimisation and prediction of structures is further complicated. One 
would need to carry out extensive calculations in order to determine 
the most stable conformation in each case.
8.2.2 MM2P Force Fields
The problem remained to extend the force fields empirically 
determined in COSMIC to model macrocycles like H2PDM where only one 
structural model (apart from HzPDM) was available, octaethylxantho- 
porphinogen (OEXP, Sheldrick W.S., 1976). There is no easy way to 
identify erroneous experimental results, so in the long run only a 
large set of parameterisation molecules can guarantee a reliable force 
field. Two structures are hardly sufficient.
The method of dealing with delocalised systems in MM2P looked a 
promising method which could overcome these difficulties, although the 
five membered nitrogen rings and delocalisation around the macrocycle 
and substituents is certainly a complicated ir-system to model. The
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version of MM2P used was that contained within CHEMX (Appendix H;
Chemical Design, Oct 1987); additional parameters that are not in this 
version of MM2P are read in from CHEMX. These additional parameters 
have been taken from the literature and added, by Chemical Design, to 
extend the range of molecular structures covered by the program. This 
also allowed further parameters relevant to the system being modelled 
to be added, by editing the MM2P input files once they had been 
created in CHEMX. The first problem to overcome was the lack of 
parameters for the sp2 nitrogen atom. Those used are given in Table 
8.3, and were determined by using parameters available within COSMIC 
(bond lengths and angles with their associated force constants) and 
by approximation from very similar atom types (sp2 carbon was 
considered reasonable for torsion angles).
Atom Types VI V2 V3
2 3 2 3 . 0.000 9.820 0.000
2 3 2 9 0.000 9.820 0.000
2 2 9 5 0.000 15.000 -1.060
2 9 2 2 -0.930 15.000 0.000
2 9 2 3 0.000 15,000 0.000
3 2 9 5 0.000 15.000 -1.060
9 2 2 2 -0.930 15.000 0.000
9 2 2 6 0.000 16.250 0.000
5 2 9 5 0.000 15.000 0.000
Angles Atom Types K(0) 0(0)
2 9 2 0.450 108.000
2 2 9 0.450 108.500
2 9 5 0.450 118.000
Bonds Atom Types K(S) L(0)
2 9 6.215 1.3650
9 23 5.000 1.0000
Table 8.3 Additional Parameters added to JCH2P for Fsp2 
(see Burkert & Allinger 1982 for explaination of terms)
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To test the applicability of these parameters the structure of 
pyrrole was optimised (CUHsIf) using MM2P and the results compared 
(Table 8.4) with those obtained crystallographically (Tanaka, 1956).
Crystal MM2P Mo of
Coc N 1.370(5)A 1.354A 3.2
Cat C fi 1.387(5)A 1.363A 4.8
C b  C b 1.420 (5)A 1.427A 1.4
CocNCoc 109.5(5)0 111.5" 3.4
N C ocC b 107.7(5)* 106.9" 1.6
C ocC b C b 107.4(5)0 107.3" 0.2
Table 8.4 Comparison between bond lengths and angles obtained
crystallographically (Tanaka, 1956) and from M12P for pyrrole
The results were promising although perhaps not as good as might 
have been hoped, the CodfCoc angle and CocCb distance showing the worst 
fit. Table 8.4 shows the two set of figures and the differences 
between them, given in terms of standard deviations (based on the 
crystallographic data). Figure 8.3 shows the two structures overlayed, 
and indicates that the major effect of these differences is the 
distance of the nitrogen atom from the C b C b  bond midpoint. This 
difference is 0.05A, which will be significant for the results of 
models prepared herein because it will affect the interaction distance 
of the pyrrole ^-carbons with the quinone-like ortho-carbons. This 
effect may not, however, be that significant if we are interested in 
conformational differences rather than accurate molecular geometries. 
It was decided to proceed with these parameters and interpret the 
results obtained cautiously rather than attempt the large task of 
adjusting each parameter to obtain a better fit (in any case the lack 
of experimental results rules out greater accuracy).
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Figure 8.3 Crystallographic and modelled (dotted) 
pyrrole rings overlaid
As a further test of the applicability of the force fields both 
porphine and 3,3' ,5,5 '-tetra- tert- butyl-1,1 '-biphenylidene-4,4 '-quinone 
(T^BPQ) were modelled and the results compared to crystallographic 
data. In the latter case two MM2P calculations were carried out, one 
with and one without the tert-butyl groups. This would help determine 
the likely effect of the removal of these from the HzPDM model, to 
reduce the size of the calculation. The results for these two models 
are shown in Tables 8.5 & 8.6 respectively.
The results for porphine are not as good as was anticipated 
probably because of the unusual nature of the ir-system in porphyrins. 
Although a puckered model was used as input for MM2P, after 
minimisation the core was completly planar. The model of T^BPQ is 
improved but still not as accurate as can be achieved when modelling 
simple linear polyenes where with appropriate force fields, bond 
lengths can be obtained to within ±0.005A of the experimental data and 
angles to within 0.5*. The presence of the tertr-butyl groups had a 
significant effect, the fit of the bond angles being improved
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Crystal* MM2P No of
Coc N Ring 1 1.380 1.350 5. 0
Ring 2 1.376 1.353 3.8
Cot C.B Ring 1 1.431 1.378 8.8
Ring 2 1.452 1.458 1.0
Cb C,b Ring 1 1.365 1.351 2.3
Ring 2 1.345 1.415 11.7
Coe Cm Ring 1 1.387 1.378 1.5
Ring 2 1.376 1.363 2.2
CocNCoc Ring 1 108.6 112.2 9. 0
Ring 2 106. 1 109.8 9.3
N C ocC * Ring 1 107.4 106.5 2.3
Ring 2 109.8 107.9 4.8
C ocC jbC b Ring 1 107.4 107.4 0. 0
Ring 2 107. 1 107.2 0.3
CocCmCoc Ring 1 127. 1 131. 1 10. 0
*  A verage e.s.d.'s from Chen & Tulinsky (1972) paper are 0.006A & 0 , 4 s
Table 8.5 Comparison between bond lengths and angles obtained 
crystallographically (Chen & Tulinsky, 1972) and from MI2P for 
Porphine. Ping 1 has a hydrogen atom bonded to the nitrogen. 
Ring 2 does not.
Crystal MM2P
Without *-Bu With MJu
C(l) 0 1.228(2) 1.224 1.223
C(l> C(2) 1.479(3) 1.477 1.487
C(2) C(3) 1.345(3) 1.358 1.364
C(3) C(4) 1.440(3) 1.469 1.462
C(4) C<5) 1.402(4) 1.394 1.400
C(2) C(l) C(2)' 119.2(2) 116.2 119.2
C(l) C<2) C(3) 118.1(2) 121.2 118. 0
C(2) C(3) C(4) 124.3(2) 121.2 125.5
C (3) C(4) C(3)' 116.0(2) 114.6 113.8
Numbering scheme used for model;
O
Table 8.6 Comparison between bond lengths and 
angles obtained crystallographically (Khan, 
Osman & Tuck, 1986) and from JQI2P for T^BPQ.
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considerably although the C(3)C(4)C(3)' angle is not well reproduced 
in either model. It should be noted, however that in both the T^BPQ 
and porphine models the overall features are well reproduced, 
including the distribution of angles in the diquinone structure. 
Alterations would be needed to the force fields to further improve the 
fit.
The examples above show that the various components of H2PDM 
can be modelled, albeit with limited accuracy (the major features are 
reproduced reasonably well) so these models were taken one step 
further with more realistic models of the 7r-system in HsPDK.
The model XP, based on H2PDK (described earlier), with hydrogen 
atoms included on the pyrrole ^-carbons and the four nitrogen atoms, 
was optimised using MK2P. All non-hydrogen atoms are involved in the 
x-system so all were included in the SCF calculation carried out 
initially by MM2P (see earlier), the calculation and geometry 
optimisation taking 45 minutes to complete (on a DEC microVax(II) 
computer). A portion of the KK2P input file is given (Appendix H), 
and the additional parameters added are in Table 8.3. The atom types 
used and the final geometry are summarised in Figure 8.4. The results 
are compared with the crystallographic data for OEXP (Sheldrick W.S., 
1976) in Table 8.7.
The model structure, XP, is less puckered than in the crystal 
structure but since the hydrogen-bonded waters have not been included 
in the calculation the effect of these is obviously excluded. It was
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Some MM2P atom types
2 = Csp2 Alkene
3 = Csp2 Carbonyl 
5 = Hydrogen 
6 = 0  Hydroxyl
7 = =0 Carbonyl 
9 = Nsp2
Figure 8.4 XP model from JIK2P, showing atom types used
Crystal MM2P No of <r's
Coc N 1.374(4)1 1.3521 5.5
Coc Cb 1.399(5)A 1.3751 4.8
Cb Cb 1.403(5)1 1.4181 3. 0
Coc Cm 1.461(5)1 1.4871 5.2
C 0 1.232(4)1 1.2231 2.3
CocNCo, 109.0(3)* 111.88 9. 0
NCocCb 108.2(3)8 106.7 8 5. 0
CocCb C b 107.4(3)0 107.4 8 0. 0
CocCmCoc 119.5(3)8 118.4° 3.7
Table 8.7 Comparison between bond lengths and angles obtained 
crystallographically (Sheldrick V.S., 1976) for OEXP and from MM2P 
for the xanthoporphinogen model (XP).
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expected that these cause some additional puckering because of their 
steric requirements and the formation of hydrogen bonds. It was noted 
that the C<x-Cm bond length in particular was over-estimated, causing 
the core to be opened up more than in the crystal structure. This 
would tend to further reduce the degree of puckering required to 
remove the steric hinderance in the core.
The other simplified model system, EPDM, gave similar results to 
the XP model. The macrocycle was puckered to a similar degree, and 
the results are summarized in Figure 8.5 and Table 8.8. Figure 8.5 
compares two stereoviews, the EPDM model described above (a), and the 
crystallographic structure of HaPDM (b; Chapter 5).
The differences (as measured by a number of standard deviations) 
are obviously smaller than those for OEXP because the standard 
deviations for the crystallographic results are much larger. 
Comparing the results with XP it is interesting to note the 
differences, particularly in the bond angles C<xNC«, 110.7* (EPDM) 
compared to 111.8* (XP) and C<xCm Coc which is 123.6* in EPDM and 118.4*
in XP. The significant differences between the structures, caused by
the presence of the ethene group in place of the carbonyl group, are 
largely between bond angles rather than distances, which are almost 
identical in each structure. Obviously the narrowing of the CotCmC™ 
angle associated with the carbonyl group is the source of this 
difference.
It has already been stated (Chapter 5) that metallo derivatives
of H2PDM are most likely formed from one of the dione/diol structures
(Figure 5.2a & b) rather than the tetraone (Figure 5.2c) because the 
dianion, into which the metal(II) ion inserts, is formed by loss of
8.19
(a)
(b)
Figure 8.5 Stereoview of EPDM model from KM2P (a) 
compared with the crystallographically determined 
HzPDK Cbf macrocycle core only shown)
Crystal MM2P No of i
Coc N 1.36 (2)A 1.353A 0.4
Cot Cb 1.43(2)A 1.371A 3. 0
Cb C& 1.44 (3) A 1.419A 1.1
Cot Cm 1.44 (2)A 1.480A 2.0
Cm Cp> 1.40 (2)A 1.355A 2.3
CotBCot 110. (1)° 110.7' 0.7
ICocCja 108.(2)° 107.5' 0.3
CotCflCe 106. (2)° 107.1' 0.6
CotCmCoc 120. (1)° 123.6' 3.6
Table 8.8 Comparison between Bond lengths and Angle obtained 
crystallographically (Chapter 5) for H2PDM and from MJI2P
for the EPDJC model.
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two central hydrogen atoms leaving the four nitrogens free to bind the 
metal. This assumes that the metal is bonded to all four nitrogen 
atoms of the macrocycle (as in a porphyrin with small and medium 
sized metal ions). A model dione is readily generated from the XP 
model structure, by removing two central hydrogen atoms and adding 
them onto two of the carbonyl groups to form hydroxyl groups (Figure 
8.6). The results for the trans dione model are summarized in Table 
8.9, but unfortunately there is no crystallographic data with which to 
compare these results. The resultant molecule is planar and comparison 
with the results for XP indicates that the removal of the steric 
crowding in the centre of the ring allows planarity to be achieved. 
There are two different types of nitrogen rings, the presence of a 
hydrogen on two of the nitrogens opens up the C<x!TC« angle compared to 
the two without; see Table 6.7 for a similar situation in HzTPP. There 
are also significant differences in the C«Cm Coc angles and the C<x-Cm 
bond distances. An angle of 131.5" at the hydroxyl group seems to be 
rather large for an sp2 (trigonal) carbon but without crystal data on
OH
OH
Figure 8.6 Dione model - XP with two carbonyl groups 
changed to hydroxyl groups
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Ring 1 Ring 2
Coc N 1.351A 1.354A
Cot Cft 1.401A 1.400A
Cja Cjb 1.394A 1.394A
Cot Cm 1.413A (adjacent to 1.472A (adjacent to
hydroxyl group) carbonyl group)
CotRCot 112.7° 110.8°
IICotCB 105.9' 107.2°
CotCjjCjj 107.7° 107.4°
CotCmCot 121.2° (at hydroxyl) 131.5° (at carbonyl)
Table 8.9 Table of bond lengths and angles obtained 
for a dione model of HzPDM using XM2P.
a similar macrocyclic compound it is difficult to determine the 
accuracy of this model.
This dione/diol model is, however, not a good model for H2PDM 
(trans dione, Figure 5.2a) since the steric constraints from the 
quinone-like ortho-carbons are missing. This allows the structure to 
become planar which is not feasible in practice. In an attempt to 
model this more accurately a complete H2PDM model was tried. The 
version of MH2P used was, however, restricted to 30 m-atoms only and 
had to be re-compiled with a larger number of permitted m-atoms (60). 
A second software-related problem was then encountered which could 
only be overcome by keeping the number of m-atoms to below 40 but 
this in turn presented an additional difficulty. When the quinone 
group was included in the macrocycle m-system both the pyrrole and 
quinone rings became puckered. Since it is not possible to do a rigid 
body refinement by constraining the geometry of the quinone group and 
not including it in the m-system the approach had to be abandoned. It 
appears that the force field preferentially allows the five and six-
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membered rings in the m-system to pucker with the macrocycle remain­
ing planar.
8.2.3 Semi-Empirical Calculations
One of the other desired results from the computer modelling 
studies was a set of molecular orbitals for the oxidised porphyrins, 
and their metal complexes. Such calculations, on the metal complexes 
of HzPDM, may provide evidence which will help explain the differences 
in oxidation behaviour of metal complexes (Section 1.3.2). Electronic 
interactions and stereochemistry were considered to be important, and 
one theory that has been proposed (Golder et al., 1987) was that the 
ruffling of the porphyrin core was important in the oxidation of the 
parent metalloporphyrins. Ab initio calculations are ruled out (by 
size) but semi-empirical methods should provide sufficiently accurate 
MO's. The major problem with carrying out such calculations on the 
metallo complexes is the lack of metal geometry information, as 
described above.
Information on the molecular orbitals of the parent macrocycle 
(HzPDM) were obtained from two semi-empirical methods. CNDQ and 
MRDO calculations (using the programs contained in COSMIC, (Appendix 
H; Vinter, Davis & Saunders, 1987)), have been carried out on three 
model systems; PDM (HzPDM with tert-butyl groups removed), XP and 
EPDM (Figure 8.2), the latter two being tested to see whether they 
were appropriate to reduce calculation times. The EPDM model was 
included because the presence of the carbonyl group in XP causes a 
larger charge on the meso-carbon than that found in the PDM model 
(Table 8.10). The molecular orbitals of direct interest (Figure 8.7
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HOMO-1, HOMO, LUMO and LUMO+1) were similar in each case giving some 
confidence in using EPDM as a model system when future computations 
(particularly ab initio calculations) are possible. Unfortunately 
metal parameters are not available in the MNDO package to allow 
optimisation of some metallo complexes, assuming that the correlation 
problem described above could be overcome.
Atom EPDM PDM XP
(see scheme below)
I -0.077 -0.082 -0.059
1 0. 071 0.075 0. 034
2 -0.060 -0.045 -0.038
3 -0.074 -0.056 -0.043
4 0. 060 0. 064 0. 016
5 0.030 0. 029 0.224
6 -0.088 -0.014 -0.272
Numbering scheme used;
2__ 3
'fsK 5^
6
Atom 6 is a carbon atom in EPD M  and PDM (first carbon 
of the phenolic ring) and oxyg e n  in XP
Table 8.10 CNDO Charges for the three models detailed 
in the text, EPDM, PDM and XP
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Figure 8.7 Energy level diagram calculated from a CIDO calculation 
on the three models detailed in the text, EPDM, PDM and XP
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8.3 Discussion
The choice of which calculation program to use, regardless of the 
parameters available, is dictated by the type of results required. For 
example, Iterative Extended Hiickel (IEH, Lowe, 1978 & Schilling, 1979) 
theory provides readily interpretable molecular orbitals (MO's) 
whereas the MO's from programs like the Intermediate Neglect of 
Differential Overlap (INDO, Pople & Beveridge, 1967) calculations are 
less interpretable but provide much more reliable total energies. 
Molecular orbital diagrams, calculated from IEH theory, for many 
metalloporphyrins are available in the literature (Gouterman, 1978 and 
references therein) and a selection are reproduced in Figure 8.8. From 
Figure 8.8 the close proximity of the metal d-orditals to those of the 
porphyrin are apparent for metals such as Ni(II) and Fe(III). This 
electronic interaction has been proposed (Milgrom, Jones & Harriman, 
1988) to explain the different behaviour of metal complexes of T^-BHPP 
when oxidised (see Chapters 1 & 9).
To simplify the IEH computations they are generally carried out 
on porphine, substituted with the appropriate metal, in the expected 
geometry. The assumption is made that the substituents on the 
porphyrin ring have little effect on the metalloporphyrin MO's. This 
is not always true, particularly where extended conjugation is 
possible. For example, the net charges and MO's calculated using 
MINDO/3 (Modified Intermediate Neglect of Differential Overlap, Dewar, 
1975) for CoTPP (Kozuka, 1986) are dependent on the phenyl ring 
dihedral angle, suggesting that a small amount of charge drifts from 
the phenyl ring through the Cm-Cp bond. This is particularly pertinent
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Orbital
Energy
<eV>
Co(n) Niln) C u (ii) Zn(n) Fe(in) Mn(m) V(iv)=0
FeCIIDCL Kn(III)CL 
C«.-Fe=0.49A C«.-Xn=0.27A v-H=2.092A
Figure 8.8 Energy level diagrams from IEH calculations on 
porphine and various metalloporphyrins <see text). The metal Gl) 
and porphyrin (P) orbitals are shown separately
when attempting to carry out calculations on HzPDM where conjugation 
with the substituents definitely occurs. The IEH program in CHEMX 
(Chemical Design, Oct 1987) was too small to carry out calculations on 
even the EPDM model, so MO's comparable with those available for 
metalloporphyrins could unfortunately not be obtained.
The extended conjugation in H2 PDM means that the model cannot be 
readily simplified further than EPDM. Simplified models are 
particularly necessary for ab initio calculations and some of those
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used (Dedieu, Rohmer & Veillard, 1982) are shown in Figure 8.1. Such 
simplifications for H2PDM are difficult to justify when the primary 
aim is to obtain accurate MO's. Using the tetraone model determined 
from X-ray crystallography (Chapter 5) and removing the tert-butyl 
groups still leaves 53 non-hydrogen atoms, including the metal atom in 
metallo derivatives. A model based on OEXP, with the ethyl groups 
removed (XP, Figure 8.2a) or EPDM (Figure 8.2b) would reduce this to 
29 atoms. These models assume that the effect of a carbonyl or 
ethene group conjugated to the macrocycle would be similar to the 
quinone-like group in H2PDM, the CUDO and MNDO results suggest that 
this is the case.
To simplify the model further is probably unreasonable since one 
similar to that used for metalloporphyrins (Fig 8.1b & c) would be 
unrealistic (Fig 8.9). Even when such models were used for metallo­
porphyrins caution was urged (Dedieu, Rohmer & Veillard, 1982) because 
the lack of delocalization in the model system meant that the ground- 
state configurations are not correctly calculated.
O
O
Figure 8.9 Possible simplified model for quinone system which 
is considered to be too unrealistic to be of any value
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The lack of geometric stabilization (Fig 8.1c) is also a problem when 
looking at the metal coordination shell, the hole radius tends to 
became artificially small. Since we are particularly interested in the 
electronic structure as altered by the extended conjugation in H2PDM 
such models are of no value.
One further problem has also limited the potential of such 
calculations. No metallo complexes of molecules related to HzPDM or 
OEXP have been explored crystallographically so no metal-nitrogen 
bond distances are available. In H2PDM (Chapter 5) the hole in the
macrocycle (as defined by the Ct- • -N distance) is 2.194A, much larger
than the ideal (2.01A, Hoard, 1975) core size for a porphyrin or the
core sizes in the conjugate acids CH * T P P 3 ^  and [ H a O E P ] 2 '*' Ct,---N = 
2.039 & 2.096A respectively. Considering the severe ruffling of the 
macrocycle in H2PDM it is difficult to imagine how it further 
contracts to complex an ion as small as nickel (II). In porphyrins a 
large ruffling of the core allows the porphyrin to contract and 
achieve a Ni-N bond distance of 1.93A, which is still large for a
Ni (II)-N(imine) bond (Chapter 3). Since extensive geometry opti­
misation has been ruled out because of the magnitude of the problem 
and correlation problems in MNDO such structures cannot be reliably 
modelled until some experimetal bond length data is available. In the 
planar dione model (MM2P) detailed above (Table 8.9) the trans N* • - N 
distances are 4.353A (imine) and 4.361A (amine) which are still very 
large, although this model may not be reliable.
Before calculations of the type anticipated here are possible the 
problems highlighted above need to be overcome. More powerful 
computers will help, particularly when ab initio calculations become
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possible on such large structures, since accurate information is 
obtained. With further work the semi-empirical calculation problems 
could be overcome, the programs could be re-compiled to allow more 
orbitals and metal parameters could be tested. Extensive work would 
be required on Molecular Mechanics because this is the most empirical 
and most dependent on the parameters used to prepare the force field. 
The major problem however is the lack of structural information on the 
compounds of interest and future work should be directed at 
overcoming this since only when this information is available can the 
results of the modelling be tested and improved upon.
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C h a p t e r  ffine
Conclusions and Suggestions for 
Further Work
9.1
As stated earlier the aim of this investigation was twofold. 
Firstly to confirm the structure of the oxidised porphyrin, H2PDM and 
secondly to try and explain the difference in behaviour of the metallo 
complexes of T^BHPP (Milgrom, Jones & Harriman, 1988) towards aerial 
oxidation. The first aim has been achieved, the crystal structure of 
H2 PDM, as a hexahydrate, having been determined (Chapter 5). From the 
analysis of other spectroscopic evidence (e.g. infra-red and NMR - 
Chapter 5) it is apparent that the initially proposed solution 
structure and the crystal structure are different. The crystal 
structure has H2 PDM in the tetraone form (Figure 5.2c). The infra-red 
spectrum of HzPDM in chloroform solution however was thought to show 
both hydroxyl and carbonyl stretching frequencies. It may be however 
that the band at 3500cm-1 is due to water and not the phenolic groups 
originally proposed. Attempts at recrystallisation from dry 
chloroform (or other solvents) have been unsuccessful but solid state 
IMP studies in thoroughly dried samples could provide a useful probe 
for the structure in the absence of water. This would show which 
form (tetraone or dione) was present in pure unhydrated H2 PDM.
Evidence suggests that the 3-dimensional structure has no 
particular influence on the behaviour of metallo complexes of T'HBHPP 
towards aerial oxidation, and that electronic effects are likely to be 
the main influence. It had been proposed (Golder et al., 1987) that 
the degree of puckering of the porphyrin core might affect the 
susceptibility to aerial oxidation. P d d D T ^ B H P P  has a planar core and 
does not undergo facile aerial oxidation (Chapter 1). Ni(IDT^BHPP 
however is readily oxidised to N i d D P D M ,  and this apparently is due 
to the puckered nature of the core in Hi(IDT^-BHPP (Chapter 3) which
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allows the quinone-like groups in the oxidation product to rotate into 
the plane as happens in the oxidised porphyrin H2PDM (Figure 5.2). 
The Z n d D T ^ B H P P  crystal structure however has a planar core but 
nevertheless is readily oxidised to Zn(II)PDM in solution. However, it 
is well known that zinc (ID-porphyrin complexes which are four- 
coordinate and planar in the solid state can become five-coordinate in 
solution. Since the oxidation medium contains potential ligands, such 
as OH- , this increase in coordination number is quite feasible in the 
present situation.
It seems much mare likely, however, that electronic effects, 
mediated by the metal ions, are actually the cause of the different 
behaviour. It has been suggested (Milgrom, Jones & Harriman, 1988) 
that metal complexation of T^BHPP modulates its reactivity towards 
aerial oxidation in basic dichloromethane solution. The presence of 
phenoxy groups labilise the macrocycle toward oxidation. 
Consequently, where there is no strong interaction between the metal 
and the porphyrin (for instance with Zn(II)), the macrocycle undergoes 
a two-electron oxidation similar to that which occurs in the metal 
free porphyrin (HzT^BHPP). However, if this oxidation leads to a 
diradical species this is because the metal stabilises a macrocycle 
conjugation pathway that inhibits electron pairing. When there is a 
strong electronic interaction between the central metal cation and the 
porphyrin, aerial oxidation can occur if the oxygen can coordinate to 
the metal (Fe(III) and Co(II)). Otherwise the metal deals with excess 
of electron density on the macrocycle by back-bonding into the 
porphyrin m*-system (e.g. in Pd, Pt and Mn).
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Unfortunately no metallo complexes of H2PDM have yet been 
crystallised, and unfortunately the small amount of sample available 
has limited the number of parallel recrystallisations that were 
possible. Further work on this is necessary. In view of the potential 
importance of these structures (see Section 1.1) investigation by both 
solution and solid state O R  could provide valuable information. It 
may be possible to obtain evidence for ruffling of the macrocycle from 
O R  studies (Milgrom, 1985a) as well as information on the number of 
quinone-like and phenol groups present (Milgrom, 1983b). Likewise 
infra-red spectroscopy could be used to extend knowledge on the 
systems (Heesom, 1987).
Unsurprisingly the solid state geometries of metallo complexes of 
T^BHPP are as expected for metalloporphyrins in general, although the 
molecular structures are quite interesting. The molecular structure of 
the zinc(II), palladium (II) and H2 complexes of T^BHPP are particularly 
unusual in view of the number of solvent molecules apparently trapped 
within the crystal lattice (approximately 7 solvent molecules - 
Chapter 2). It would be of value to investigate both the nature of 
the forces within the lattice and whether there is any solvent 
selectivity in this system. The results reported in Chapter 2 suggest 
that there is selectivity in the case of the two solvents used for 
recrystallisation (cyclohexane and dichloromethane) since only one 
(cyclohexane) has been located in the structure. If dichloromethane 
was present it would be located more readily than cyclohexane unless 
it is substantially disordered.
The quality of data obtained at room temperature is relatively 
poor so it is proposed that data sets are collected on the three
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structures (Zn(II), Pd(II) and H2 ) at low temperature. This would 
provide both a better model for the structure, to obtain detailed 
positional information on the cyclohexane molecules and to see whether 
there is any difference in the solvent positional parameters between 
the structures. While three cyclohexane molecules were determined in 
the Pd(II) structure four were found in the Zn(II) structure, three at 
similar positions to those in the Pd(II) complex. With accurate 
crystal structures, all solvent molecules could be located and it would 
be possible to investigate the nature of the packing forces in the 
structure by a number of different methods;
i) A pressure cell could be used to determine, by X-ray diffraction 
whether the loss of solvent is reversible. Single-crystal photographs 
could be taken at different partial pressures of cyclohexane to 
investigate whether any quantitative measure of solvent can be 
determined. The rate of change of partial pressure may also be 
important.
ii) Solid state NMR could be used to probe the electronic 
environment of the cyclohexane or other solvent molecules within the 
structures. This would give some indication as to the interactions 
that are occurring.
iii) Molecular modelling and molecular orbital calculations could be 
used to calculate isopotential maps of the structure. With this type 
of interactive technique available, the nature of the binding of the
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cyclohexane molecules as well as their alternative positions could be 
investigated.
The role of the solvent could also be investigated by 
recrystallising the Zn(II)- and P d d D T ^ B H P P  complexes from other 
alicyclic solvents, e.g. cyclopentane, cyclaheptane, cyclooctane as well 
as aromatic solvents such as benzene and toluene. This would establish 
whether or not the size and nature of the solvent has any effect upon 
the crystal structure (see below). If an isomorphous derivative is 
available with, for instance, cycloheptane then the mode of binding 
and distribution of solvent could be compared. There is some evidence 
of other solvates being accessible. Surprisingly, crystals of 
Pd (IDT^BHPP from dichloromethane alone were obtained by slow 
evaporation in a fridge (see Section 2.2.1.6). Presumably when 
cyclohexane is not present dichloromethane is incorporated, perhaps 
within a different crystal lattice. This needs to be repeated in the 
hope that a crystal can be sealed in a capillary and a data set 
obtained
Pd (IDTdiHPP could also be recrystallised from toluene (Section 
2.2.1.6). The crystals grown from toluene do not appear to lose 
solvent as readily as those recrystallised from cyclohexane and/or 
dichloromethane. This may imply that no solvate is trapped in the 
lattice or else it is much more firmly held than the cyclohexane in 
the structure reported. Toluene has been shown to form a tc- x  complex 
with the porphyrin ligand in the isomorphous structures Mn(II)TPP 
(Kirner, Reed & Scheidt, 1977), Cr(II)TPP (Scheidt & Reed, 1978) and 
Zn(II)TPP (Scheidt, Kastner & Hatano, 1978).
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In the Zn(II) and Pd (IDT^BHPP crystal structures the hydrogen- 
bonding between molecules giving rise to 2-dimensional sheets (Chapter 
2, Figure 2.6) is facilitated by rotation of the phenyl rings in order 
to reduce the steric interaction between the tert-butyl groups. 
Varying the type and nature of these substituents would allow an 
understanding of the requirements for hydrogen-bonding. This could 
allow the formation of 2-dimensional sheets with channels and could 
lead to the possibility of developing both novel solvent-selective 
systems and novel chemical sensors.
The collection of a data set at low temperature for HzPDM would 
also be useful to improve the quality of the data and hence the 
accuracy of the resultant structure solution. This would allow a 
better assessment of the bond orders within the highly delocalised 
macrocyclic system. Alternatively, the use of a high intensity X-ray 
source, a rotating anode X-ray tube or synchrotron radiation source, 
could improve the quality of the data obtained for the reported 
structures.
The computer modelling shows promise but access to more 
computing power is essential and more work will be required on 
various programs to overcome some of the problems highlighted in 
Chapter 8. Ab initio calculation would be ideal but it will be some 
time before full geometry optimisation is possible at this level on 
such large systems. Once further crystallographic information is 
available on the metallo oxidised porphyrins (MPDM) then the semi- 
empirical methods would be easier to apply and cross-check. Extensive 
geometry optimisation will nevertheless continue to pose problems.
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APPENDIX A
Full Tables & Structure Factors 
for Pd(II)T^BHPP
Contents Page No
Positional Parameters A2
Bond Distances A6
Bond Angles (non-hydrogen) A7
Bond Angles (hydrogen) A8
Least-squares planes A9
FoFc All
A1
Atoi X y z Bed
PD 0.500 0.37504(3) 0.750 2.44(1)
01 0.2874(3) 0.1493(2) 0.3286(3) 7.4(2)
02 0.2918(3) 0.6012(3) 0.3300(3) 7.6(2)
N1 0.500 0.2996(3) 0.750 3.2(2)
N2 0.4369(2) 0.3750(2) 0.6235(2) 3.0(1)
N3 0.500 0.4500(3) 0.750 3.2(2)
C3 0.4791(3) 0.2182(2) 0.7088(4) 4.6(2)
C4 0.4654(2) 0.2688(2) 0.6808(3) 3.7(1)
05 0.4244(2) 0.2845(2) 0.5987(3) 3.2(1)
C6 0.4114(2) 0.3335(2) 0.5723(3) 3.2(1)
C7 0.3686(3) 0.3506(3) 0.4878(3) 3.9(2)
C8 0.3695(3) 0.3996(3) 0.4874(3) 3.9(2)
C9 0.4110(2) 0.4164(2) 0.5722(3) 3.3(1)
CIO 0.4244(2) 0.4655(2) 0.5989(3) 3.5(1)
Cll 0.4655(2) 0.4B07(2) 0.6804(3) 3.5(1)
C12 0.4792(3) 0.5318(2) 0.7079(4) 4.7(2)
C21 0.3902(3) 0.2456(3) 0.5309(3) 3.9(2)
C22 0.4040(3) 0.2418(3) 0.4787(3) 4.1(2)
C23 0.3707(3) 0.2099(3) 0.4107(3) 4.5(2)
C24 0.3848(3) 0.2081(4) 0.3527(4) 6.0(2)
C25 0.4359(4) 0.2463(5) 0.3777(4) 8.1(3)
C26 0.3267(4) 0.2203(5) 0.2638(4) 8.0(3)
C27 0.4094(4) 0.1553(5) 0.3564(5) 8.4(3)
C28 0.3229(3) 0.1809(3) 0.3971(4) 4.9(2)
C29 0.308B(3) 0.1835(3) 0.4499(3) 4.4(2)
C30 0.2545(3) 0.1526(4) 0.4316(5) 6.8(2)
C31 0.2556(3) 0.1570(4) 0.5061(5) 8.7(3)
Table A.1 Fractional atonic coordinates with e.s.d. in parentheses 
and Bed thermal parameters <A2). The Baq values are calculated 
according to the equation Bed^/sXiEjai.aj.
A2
Atofi x y 2
C32 0.2624(5) 0.0971(5) 0.4261(7) 11.9(4)
C33 0.1902(4) 0.1684(6) 0.3525(6) 9.6(4)
C34 0.3437(3) 0.2167(3) 0.5157(3) 4.1(2)
C35 0.3903(2) 0.5042(3) 0.5305(3) 3.7(2)
C36 0.3254(2) 0.5080(3) 0.4790(3) 4.0(2)
C37 0.2905(3) 0.5403(3) 0.4103(3) 4.3(2)
C38 0.2177(3) 0.5419(3) 0.3520(4) 6.0(2)
C39 0.1923(3) 0.5042(5) 0.3788(5) 8.3(3)
C40 0.1869(4) 0.5288(5) 0.2636(5) 7.6(3)
C41 0.1976(4) 0.5942(5) 0.3576(6) 9.1(3)
C42 0.3241(3) 0.5690(3) 0.3963(4) 5.1(2)
C43 0.3910(3) 0.5665(3) 0.4495(4) 4.5(2)
C44 0.4270(3) 0.5984(3) 0.4320(4) 6.6(2)
C45 0.5001(4) 0.5923(4) 0.5045(5) 8.4(3)
C46 0.4143(5) 0.6526(5) 0.4266(8) 12.0(5)
C47 0.4132(4) 0.5811(5) 0.3542(5) 9.8(3)
C48 0.4221(2) 0.5338(3) 0.5158(3) 3.9(2)
CUO 0.702 0.192 0.776 20.0*
c m 0.691 0.140 0.772 20.0*
Cl 12 0.609 0.134 0.710 20.0*
Cl 13 0.571 0.166 0.630 20.0*
Cl 14 0.591 0.219 0.660 20.0*
CHS 0.664 0.224 0.699 20.0*
C210 0.671 0.390 0.235 20.0*
C211 0.643 0.385 0.285 20.0*
C212 0.689 0.411 0.373 20.0*
C213 0.683 0.464 0.344 20.0*
t Isotropic temperature factor not refined
Table A.1 /cont
A3
Atoi X y z
C214 0.724 0.474 0.315 20.0*
C2I5 0.675 0.445 0.227 20.0*
C310 0.593 0.001 0.519 20.0*
C311 0.567 -0.042 0.478 20.0*
C3I2 0.544 -0.050 0.392 20.0*
C313 0.510 -0.010 0.342 20.0*
C314 0.521 0.040 0.366 20.0*
C315 0.567 0.050 0.461 20.0*
H3 0.4604 0.1869 0.6691 t
H7 0.3437 0.3320 0.4355
H8 0.3462 0.4204 0.4390
H12 0.4584 0.5621 0.6686
H22 0.4388 0.2627 0.4892
H25A 0.4459 0.2419 0.3417
H25C 0.4759 0.2377 0.4383
H25B 0.4210 0.2789 0.3758
H26B 0.2866 0.1969 0.2459
H26C 0.3089 0.2551 0.2637
H26A 0.3275 0.2180 0.2218
H27B 0.4505 0.1490 0.4171
H27C 0.3784 0.1290 0.3425
H27A 0.4189 0.1532 0.3197
H31B 0.3000 0.1497 0.5589
H31C 0.2506 0.1962 0.5085
H31A 0.2237 0.1401 0.4980
H32C 0.3056 0.0840 0.4835
H32A 0.2290 0.0757 0.4204
t Isotropic t e m perature factors for h y d r o g e n  atoms fixed at 5,0
Table A.1 /cont
A4
At OB X Y z
H32B 0.2627 0.0893 0.3827
H33B 0.1B28 0.2020 0.3591
H33C 0.1B87 0.1611 0.3079
H33A 0.1570 0.1454 0.3476
H34 0.3331 0.2214 0.5548
H36 0.3002 0.4877 0.4890
H39A 0.1488 0.5039 0.3422
H39C 0.2149 0.5118 0.4383
H39B 0.2105 0.4693 0.3797
H40B 0.2023 0.5497 0.2409
H40C 0.2019 0.4915 0.2627
H40A 0.1408 0.5270 0.2246
H41A 0.1502 0.5907 0.3174
H41B 0.2162 0.5959 0.4144
H41C 0.2125 0.6160 0.3388
H45B 0.5100 0.6044 0.5583
H45C 0.5104 0.5568 0.5109
H45A 0.5225 0.6128 0.4941
H46A 0.4425 0.6728 0.4231
H46C 0.4289 0.6640 0.4860
H46B 0.3711 0.6592 0.3852
H47C 0.3686 0.5900 0.3086
H47A 0.4404 0.6040 0.3480
H47B 0.4241 0.5477 0.3580
H4B 0.4713 0.5314 0.5560
Table A.1 /cont
A5
A to il Ato«2 D istancessxcssas Atoal2 5 S S S Atoa2SSSZ3 D istanceassxssMs AtoalSXXSZ Atoa2 Distancesszzssa*
PD HI 2 .0 2 6 (7 ) C9 CIO 1 .387 (9 ) C30 C32 1 .5 3 (2 )
PD N2 2 .0 2 4 (3 ) CIO C ll 1 .36 9 (7 ) C30 C33 1 .503 (10 )
PD H3 2 .0 1 5 (7 ) CIO C35 1 .5 0 9 (8 ) C35 C36 1 .3 75 (8 )
01 C28 1 .38 7 (8 ) C ll C12 1 .440 (9 ) C35 C48 1 .377 (11 )
02 C42 1 .37 0 (9 ) C21 C22 1 .398 (12 ) C36 C37 1 .402 (9 )
N1 C4 1 .3 84 (7 ) C21 C34 1 .35 9 (1 0 ) C37 C38 1 .538 (9 )
N2 C6 1 .383 (7 ) C22 C23 1 .3 8 6 (9 ) C37 C42 1 .39 1 (1 3 )
N2 C9 1 .3 83 (7 ) C23 C24 1 .525 (14 ) C3B C39 1 .55 (2 )
N3 O il 1 .386 (7 ) C23 C28 1 .403 (12 ) C38 C40 1 .506 (13 )
C3 C4 1 .430 (9 ) C24 C25 1 .543 (14 ) C38 C41 1 .5 5 (2 )
C4 C5 1 .381 (7 ) C24 C26 1 .5 1 0 (8 ) C42 C43 1 .415 (9 )
C5 C6 1 .383 (9 ) C24 C27 1 .5 6 (2 ) C43 C44 1 .544 (14 )
C5 C21 1 .5 08 (8 ) C28 C29 1 .415 (13 ) C43 C48 1 .37B (9)
C6 C7 1 .4 27 (7 ) C29 C30 1.54 1 (1 2 ) C44 C45 1 .5 6 2 (9 )
C7 CB 1.319 (10 ) C29 C34 1 .3 8 3 (8 ) C44 C46 1 .487 (15 )
C8 C9 1 .430 (7 ) C30 C31 1 .5 7 (2 ) C44 C47 1 .5 0 (2 )
Nuabers in  parentheses are estim ated standard d e v ia tio n s  in  th e  le a s t s ig n if ic a n t  d ig i ts .
Table A. 2 Band distances involving non—hydrogen atoms (A)
At o«l Ato«2 D istance Atoal Ato»2 D istance A toal Atoa2 D istance
===== === = = = = = = = = = = II II M II II ===== ======== S 3 S S 2 ===== s x z 2 2 z r r
H3 C3 1.055 (6) H31C C31 1 .069 (12 ) H40A C40 0 .9 7 2 (8 )
H7 C7 0 .9 7 4 (6 ) H31A C31 0 .9 1 0 (1 1 ) H41A C41 1 .0 0 2 (9 )
H8 CB 0 .955 (6 ) H32C C32 1 .06 4 (9 ) H41B C41 0 .9 5 2 (1 2 )
H12 C12 1 .031 (6 ) H32A C32 1 .0 35 (15 ) H41C C41 0 .9 4 7 (1 4 )
H22 C22 1.016 (7 ) H32B C32 0 .9 5 (2 ) H45B C45 1 .038 (12 )
H25A C25 0 .980 (12 ) H33B C33 0 .9 6 1 (1 5 ) H45C C45 0 .9 7 7 (1 1 )
H25C C25 1.034 (6 ) H33C C33 0 .9 4 1 (1 4 ) H45A C45 0 .9 6 5 (1 3 )
H25B C25 0 .961 (12 ) H33A C33 1 .063 (14 ) H46A C46 1 .0 0 (2 )
H26B C26 1.112(12 ) H34 C34 1 .05 9 (9 ) H46C C46 1 .0 9 (2 )
H26C C26 1 .060 (13 ) H36 C36 1 .0 1 7 (8 ) H46B C46 0 .9 3 1 (1 0 )
H26A C26 0 .908 (12 ) H39A C39 0 .9 1 6 (7 ) H47C C47 0 .9B 2 (8 )
H27B C27 1 .031 (7 ) H39C C39 0 .9 9 6 (1 0 ) H47A C47 1 .0 5 3 (1 4 )
H27C C27 1.001(12 ) H39B C39 1 .05 9 (1 2 ) H47B C47 0 .9 3 3 (1 4 )
H27A C27 0 .976 (13 ) H40B C40 1 .005 (13 ) H4B C48 1 .0 4 1 (5 )
H31B C31 1 .004 (6 ) H40C C40 1 .089 (13 )
Nuabers in  parentheses are  estim ated standard d e v ia tio n s  in  the  le a s t s ig n if ic a n t  d ig i t s .
Table A.3 Bond distances involving hydrogen atoms (A)
A6
A to il A to i2 A to i3  Angle A to il A to i2 A to i3  Angle A tM l A to i2  At o#3 Angle
===== = = = = = ===== ==== = ===== ===== S S S 2 S ===== ===== t s s s r 1!IIIIIIII s s x s s
N1 PD N2 9 0 .0 (2 ) C22 C21 C34 119 .4 (6 ) C36 C35 C48 11 9 .3 (6 )
N1 PD N3 180.00(0 ) C21 C22 C23 121 .7 (7 ) C35 C36 C37 1 2 1 .8 (7 )
N2 PD N3 9 0 .0 (2 ) C22 C23 C24 120 .6 (7 ) C36 C37 C38 1 2 0 .1 (8 )
C6 N2 C9 107 .2 (4 ) C22 C23 C28 117 .0 (8 ) C36 C37 C42 11 7 .3 (6 )
HI C4 C3 108 .5 (5 ) C24 C23 C28 122 .4 (6 ) C3B C37 C42 1 2 2 .5 (6 )
HI C4 C5 125 .4 (6 ) C23 C24 C25 112 .1 (7 ) C37 C38 C39 11 1 .8 (6 )
C3 C4 C5 126 .1 (5 ) C23 C24 C26 111 .5 (8 ) C37 C3B CIO 1 1 1 .1 (9 )
C4 C5 C6 125.6 (5) C23 C24 C27 109 .2 (8 ) C37 C38 C ll 1 0 8 .6 (6 )
C4 C5 C21 118 .1 (5 ) C25 C24 C26 106 .1 (8 ) C39 C3B CIO 1 0 6 .1 (8 )
C6 C5 C21 11 6 .2 (4 ) C25 C24 C27 108 .0 (8 ) C39 C38 C ll 1 0 7 .(1 )
N2 C6 C5 125 .8 (4 ) C26 C24 C27 109 .7 (7 ) C40 C38 C ll 1 1 1 .7 (7 )
N2 C 6 C7 107 .7 (5 ) 01 C28 C23 11 8 .9 (8 ) 02 C42 C37 1 1 9 .2 (6 )
C5 C6 C7 12 6 .5 (5 ) 01 C28 C29 118 .8 (7 ) 02 C42 C43 118.8 (B )
C6 C7 C8 109 .0 (5 ) C23 C28 C29 122 .3 (6 ) C37 C42 C43 1 2 2 .0 (6 )
C7 CB C9 108 .0 (5 ) C28 C29 C30 12 1 .3 (6 ) C42 C43 C l l 1 2 0 .8 (6 )
N2 C9 C8 10 8 .1 (5 ) C28 C29 C34 11 7 .0 (7 ) C42 C43 CI8 1 1 7 .1 (8 )
N2 C9 CIO 125 .6 (4 ) C30 C29 C34 121 .6 (8 ) C44 C43 CI8 1 2 1 .8 (6 )
C8 C9 CIO 12 6 .2 (5 ) C29 C30 C31 110 .3 (6 ) C43 C44 CIS 1 1 0 .1 (7 )
C9 CIO C ll 125 .3 (5 ) C29 C30 C32 112 .0 (9 ) C43 C44 CI6 1 1 1 .(1 )
C9 CIO C35 11 5 .6 (4 ) C29 C30 C33 112 .7 (9 ) C43 C44 CI7 1 1 1 .0 (8 )
C ll CIO C35 11 9 .1 (5 ) C31 C30 C32 1 0 4 .(1 ) C45 C44 C I6 1 0 5 .7 (7 )
N3 C ll CIO 126 .1 (6 ) C31 C30 C33 108 .9 (9 ) C45 C44 C I7 1 0 5 .8 (9 )
N3 C ll C12 10 8 .8 (5 ) C32 C30 C33 108 .5 (6 ) C46 C44 CI7 1 1 0 .(1 )
CIO C ll C12 12 5 .1 (5 ) C21 C34 C29 12 2 .5 (8 ) C35 C48 C43 1 2 2 .2 (5 )
C5 C21 C22 11 8 .4 (6 ) CIO C35 C36 11 9 .1 (7 )
C5 C21 C34 122 .0 (7 ) CIO C35 C48 121 .6 (5 )
Nuibers in  parentheses are e s t i ia te d  standard d e v ia tio n s  in  the le a s t s ig n if ic a n t  d ig i ts .
Table A.4 Band angles involving non-hydrogen atone <*)
Atoal At oa2 At o«3 Angle Atoal At o*2 Atoa3 Angle Atoal Atoa2 A to.J Angle
= = = = = ===== 3 Z S Z 2 r s z r s S2X 3 S 222 2 2 3 2 3 2 2 22x22 tss c e XIISS ISI 8 Z S I8 3 I
H25A C25 H25C 108 .3 (9 ) H32C C32 H32A 1 0 2 .(1 ) H41A C41 H41B 1 1 3 .(1 )
H25A C23 H23B 1 1 3 .(1 ) H32C C32 H32B 10 8 .(1 ) H41A C41 H41C 1 1 4 .(1 )
H25C C25 H23B 10 9 .8 (9 ) H32A C32 H32B 1 1 0 .(1 ) H41B C41 H41C 11 9 .(1 )
H26B C24 H26C 9 7 .(1 ) H33B C33 H33C 1 1 8 .(2 ) H4SB C45 H45C 1 0 8 .(1 )
H26B C24 H26A 107 .5 (8 ) H33B C33 H33A 1 0 7 .(1 ) H45B C45 H45A 1 0 9 .1 (9 )
H26C C26 H26A 11 2 .(1 ) H33C C33 H33A 1 0 9 .(1 ) H43C C45 H4SA 1 1 4 .(1 )
H27B C27 H27C 10 7 .(1 ) H39A C39 H39C 1 1 7 .(1 ) H4&A C4fc H46C 1 0 2 .8 (9 )
H27B C27 H27A 10 9 .(1 ) H39A C39 H39B 11 1 .(1 ) H46A C46 H46B 1 1 5 .(1 )
H27C C27 H27A 11 1 .(1 ) H39C C39 H39B 105.2(B ) H46C C44 H46B 1 0 8 .(2 )
H31B C31 H31C 1 0 3 .9 (8 ) H40B C40 H40C 10 2 .(1 ) H47C C47 H47A 1 0 7 .(1 )
H31B C31 H31A 11 7 .(1 ) H40B C40 H40A 1 1 1 .3 (9 ) H47C C47 H47B 1 1 7 .(1 )
H31C C31 H31A 1 1 1 .(1 ) H40C C40 H40A 1 0 5 .(1 ) H47A C47 H47B 1 1 0 .(1 )
Nuabers in  parentheses are e s tia a te d  standard d e v ia tio n s  in  the le a s t s ig n if ic a n t  d ig i ts .
Table A.5 Bond angles Involving hydrogen atoms (*)
A8
The equation of the  plane is  of the fo re : A*x t  B»y + Ctz -  D = 0 
Mhere A,B,C I  D are constants and x ,y  t  z are  orthogo nalized  co o rd in ate s.
Plane
1
2
3
4
. A  B C D Atoa x y z D istance Esd
-1 .0 0 0 0  0.0000 -0 .001 9  -3 .5 2 3 9   Atoes in  P lane------------------
N1 3.5005 8.0514 12.0054 0 .000  0 .000
N2 3 .5045 10.0761 9.9812 0 .0 00  0 .005
N3 3 .5005 12.0927 12.0054 0 .0 00  0 .000
-------------- Qther- o^as-------------
PD 3 .5005 10.0778 12.0054 0 .00 0  0 .000
-1 .00 0 0  0 .0012 -0 .001 3  -3 .504 9
-1 .000 0  0.0056 -0 .005 4  -3 .5 19 6
-1 .0000 0 .0028 -0 .00 2 0  -3 .493 9
--------- Atoes in  P lane---- - - - -
N1 3.5005 8.0514 12.0054 -0 .0 0 2 0.000
N2 3.5045 10.0761 9.9812 -0 .001 0.005
N3 3.5005 12.0927 12.0054 0.002 0.000
C3 3.4918 5.8645 11.3456 0.005 0 .010
C4 3.5018 7.2225 10.8969 -0 .0 0 3 0.008
C5 3.5031 7.6459 9.5828 -0 .0 0 2 0.007
C6 3.5081 8.9625 9.1604 -0 .0 0 5 0.007
C7 3.4914 9.4199 7.8085 0.014 0.008
CB 3.5236 10.7387 7.8018 -0 .0 1 7 0.008
C9 3.4976 11.1885 9.1594 0 .008 0.007
CIO 3.4990 12.5082 9.5862 0.007 0.008
C ll 3.5074 12.9174 10.8920 -0 .0 0 2 0.008
CI2 3.5087 14.2892 11.3309 -0 .0 0 3 0.010
Squared = 168906.
Other Atoes----------------
PD 3.5005 10.0778 12.0054 0 .000 0 .000
-------- Atoes in  P lane---------
N1 3.5005 8.0514 12.0054 0.000 0.000
C3 3.4918 5.8645 11.3456 0.000 0.010
C4 3.5018 7.2225 10.8969 0.000 0.008
N2 3.5045 10.0761 9.9812 -0 .0 0 2 0.005
C6 3.5081 8.9625 9.1604 -0 .0 0 7 0.007
C7 3.4914 9.4199 7.8085 0.014 0.008
CB 3.5236 10.7387 7.8018 -0 .0 1 5 0.008
C9 3.4976 11.1885 9.1594 0.010 0.007
Chi Squared = 9.
-1 .0 0 0 0  0 .0024 -0 .0044  -3 .5 2 4 7  ------------------ Atoes in  P lane-
N3 3.5005 12.0927 12.0054 0 .00 0 0 .000
C ll 3.5074 12.9174 10.8920 0.000 0.008
C12 3.5087 14.2892 11.3309 0.000 0 .01 0
-0 .380 2  0 .7196 -0 .5811  -1 . -- - - - - - - - - - - -Atoes in  P
C21 3.4938 6.5982
C22 4.6095 6.4974
C23 4.6294 5.6405
C28 3.4823 4.8621
C29 2.3491 4.9296
C34 2.4042 5.8225
8.4988 0.005 0.007
7.6632 -0 .0 0 7 0 .007
6.5746 0.002 0.007
6.3559 0.005 0.007
7.2011 -0 .0 0 7 0.007
8.2551 0.002 0.007
Chi Squared -  3.
Table A.6 Least-squares planes data
A9
Plane No. Ato» Distance Esd
0 .3830 -0 .7 2 0 5  -0.57B1 -13 .3403 ----- Atoss in  P lane------------------------- — -
C35 3.5004 13.5473 8 .4923 0.011 0.006
C36 2 .4052 13.6511 7.6676 -0 .0 0 7  0.007
C37 2 .3896 14.5197 6.5671 -0 .0 0 2  0.007
C42 3.5266 15.2888 6.3440 0 .008  0 .008
C43 4.6551 15.2218 7.1955 -0 .0 0 4  0.007
C48 4.5987 14.3428 8.2558 -0 .0 0 5  0 .006
Chi Squared = 6.
D ihedral Angles Betw en Planes:
Plane No. Plane No. D ihedral Angle
1 2 0.1
1 3 0 .4
1 4 0 .2
1 5 0 .2
1 6 67 .6
1 7 112.4
2 3 0 .3
2 4 0 .1
2 5 0 .2
2 6 67 .6
2 7 112.5
3 4 0 .3
3 5 0 .2
3 6 6 7 .2
3 7 112.6
4 5 0 .1
4 6 67 .5
4 7 112.6
5 6 67 .4
5 7 112.5
6 7 109.2
Table A.6 /cont
A i o
H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs
0 0 2 802 247 0 8 7 0* 26 0 16 7 0*
0 0 4 1281 1304 0 8 8 1423 1410 0 16 8 1020
0 0 6 286 271 0 8 9 0* 14 0 16 9 126*
0 0 8 2319 2161 0 8 10 639 734 0 16 10 1056
0 0 10 851 790 0 8 11 0* 6 0 16 11 0*
0 0 12 1196 1360 0 B 12 343 345 0 16 12 63*
0 0 14 686 789 0 8 13 0* 13 0 16 13 0*
0 0 16 407 482 0 8 14 694 753 0 16 14 717
0 0 18 430 519 0 8 15 36* 1 0 16 15 0*
0 2 0 39* 2417 0 8 16 433 466 0 18 0 76*
0 2 2 0* 907 0 8 17 97* 5 0 18 1 645
0 2 3 3174 3464 0 10 0 22* 314 0 18 2 57*
0 2 4 153 130 0 10 1 884 897 0 IB ' 3 887
0 2 5 427 362 0 10 2 17* 172 0 18 4 0*
0 2 6 37* 338 0 10 3 1570 1550 0 IB 5 734
0 2 7 1582 16B0 0 10 4 0* 106 0 18 6 0*
0 2 8 0* 145 0 10 5 0* 109 0 18 7 365
0 2 9 551 654 0 10 6 0* 1 0 18 8 0*
0 2 10 65* 28 0 10 7 1918 1885 0 18 9 868
0 2 11 1685 1811 0 10 8 0* J 0 18 10 0*
0 2 12 51* 3 0 10 9 1065 1052 0 18 11 0*
0 2 13 621 673 * 0 10 10 0* 5 0 18 12 0*
0 2 14 0* 23 0 10 11 730 802 0 18 13 474
0 2 13 733 815 0 10 12 0* 21 0 IB 14 0*
0 2 16 0* 0 0 10 13 867 948 0 20 0 568
0 2 17 346 349 0 10 14 80* 2 0 20 1 155*
0 2 18 0* 0 0 10 15 651 687 0 20 2 1153
0 4 1 0* 19 0 10 16 0* 7 0 20 3 0*
0 4 2 2082 1416 0 10 17 21B 311 0 20 4 349
0 4 3 0* 49 0 12 0 1232 935 0 20 5 71*
0 4 4 0* 273 0 12 1 0* 38 0 20 6 775
0 4 5 63* 10 0 12 2 3500 3085 0 20 7 129*
0 4 6 1485 1600 0 12 3 0* 15 0 20 8 396
0 4 7 0* 55 0 12 4 858 957 0 20 9 86*
0 4 8 603 707 0 12 5 0* 33 0 20 10 237
0 4 9 0* 19 0 12 6 1539 1641 0 20 11 0*
0 4 10 1325 1216 0 12 7 0* 38 0 20 12 297
0 4 11 0* 2 0 12 8 1413 1486 0 20 13 0*
0 4 12 915 964 0 12 9 0* 8 0 22 0 0*
0 4 13 0* 21 0 12 10 526 586 0 22 1 492
0 4 14 42* 80 0 12 11 78* 5 0 22 2 0*
0 4 15 0* B 0 12 12 609 645 0 22 3 219
0 4 16 729 785 0 12 13 0* 0 0 22 4 0*
0 4 17 63* 6 0 12 14 481 496 0 22 5 576
0 4 18 81* 178 0 12 15 148* 4 0 22 6 32*
0 6 0 178 367 0 12 16 300 305 0 22 7 916
0 6 1 851 833 0 14 0 0* 66 0 22 8 0*
0 6 2 71* 65 0 14 1 466 531 0 22 9 475
0 b 3 1480 1499 0 14 2 63* 1 0 22 10 172*
0 b 4 23* 58 0 14 3 1349 1223 0 22 11 436
0 b 5 179 37 0 14 4 36* 66 0 22 12 139*
0 b 6 0* 215 0 14 5 1033 1006 0 24 0 778
0 b 7 272 145 0 14 6 141* 27 0 24 1 0*
0 b 8 67* 7 0 14 7 1382 1357 0 24 2 364
0 b 9 963 995 0 14 8 0* 8 0 24 3 0*
0 b 10 0* 0 0 14 9 1251 1399 0 24 4 443
0 b 11 484 522 0 14 10 0* 21 0 24 J 149*
0 6' 12 0* 29 0 14 11 324 383 0 24 6 761
0 b 13 0* 29 0 14 12 49* 1 0 24 7 0*
0 b 14 0* 4 0 14 13 340 320 0 24 8 654
0 b 15 426 468 0 14 14 176* 3 0 24 9 0*
0 b 16 0* 3 0 14 15 357 394 0 24 to 474
0 b 17 363 466 0 14 16 0* 6 0 24 11 114*
0 8 0 1994 1992 0 16 0 762 695 0 26 0 160*
0 8 1 0* 21 0 16 1 72* 24 0 26 1 685
0 8 2 1487 1370 0 16 2 903 824 0 26 2 0*
0 8 3 0* 79 0 16 3 43* 2 0 26 3 663
0 8 4 2125 2065 0 16 4 902 886 0 26 4 0*
0 8 5 0* 4 0 16 5 0* 20 0 26 5 606
0 8 6 582 424 0 16 6 946 963 0 26 6 145*
Reflec t ions f lagged with an as ter isk  were considered unobserved.
Fcalc H K L Fobs Fcalc H K L Fobs :calc
16 0 26 7 371 381 1 3 9 567 591
1081 0 26 8 0* 10 1 3 10 1053 978
4 0 26 9 359 429 1 3 11 906 962
1152 0 28 0 43* 132 1 3 12 394 362
18 0 28 1 0* 3 1 3 13 286 275
6B 0 28 2 692 713 1 3 14 293 269
17 0 28 3 0* 5 1 3 15 657 741
725 0 28 4 344 378 1 3 16 399 428
0 0 28 5 0* 0 1 3 17 133* 202
66 0 28 6 321 367 1 5- 18 291 289
577 0 28 7 0* 1 1 5- 17 502 463
32 0 30 0 46* 12 1 5- 16 355 311
936 0 30 I 365 390 1 5- 15 208 205
17 0 30 2 0* 5 1 5- 14 0* 41
887 0 30 3 297 412 1 5- 13 278 291
15 1 1- 18 365 307 1 5- 12 491 550
382 1 1 -17 388 368 1 5--11 458 388
3 1 1- 16 534 526 1 5- 10 1137 1169
917 1 1 -15 703 644 1 5 -9 1006 781
14 1 1- 14 314 332 1 5 -8 1624 1484
96 1 1 -13 659 648 1 5 -7 954 864
12 1 1- 12 727 812 1 5 -6 616 633
485 1 1 -11 605 618 1 5 -5 1017 1266
2 1 1- 10 33* 67 1 5 -4 241 164
412 1 1 -9 536 568 1 5 -3 2062 2506
9 1 1 -8 707 801 1 5 -2 1114 1183
1187 1 1 -7 1142 757 1 5 1 1137 1051
13 1 1 -6 1147 1263 1 5 2 1928 2278
366 1 1 -5 1850 1785 1 5 3 219 30
18 1 1 -4 2482 2398 1 5 4 893 1221
861 1 1 -3 470 625 1 5 5 543 811
9 1 1 1 993 695 1 5 6 901 838
423 1 1 3 2330 2154 1 5 7 1555 1312
5 1 1 4 1769 1800 1 5 8 1010 811
211 1 1 5 1125 910 1 5 9 1142 1202
8 1 1 6 1098 1012 1 5 10 464 411
275 1 1 7 716 938 1 5 11 496 550
7 1 1 8 535 534 1 5 12 287 301
29 1 1 9 0 * 39 1 5 13 0 * 50
521 1 1 10 616 641 1 5 14 164* 219
36 1 1 11 741 790 1 5 15 267 308
225 1 1 12 617 641 1 5 16 0* 451
0 1 1 13 262 321 1 5 17 213 297
602 1 1 14 643 636 1 7--IB 262 271
12 1 1 15 447 527 1 7 -17 130* 181
941 1 1 16 3B0 388 1 7- 16 295 314
2 1 1 17 275 304 1 7 -15 407 403
466 1 3- 18 196* 191 1 7- 14 120* 172
1 1 3--17 494 428 1 7 -13 161* 183
413 1 3- 16 772 743 1 7--12 67 * 206
12 1 3-•15 316 277 1 7 -11 433 549
796 1 3" 14 258 267 1 7--10 24 * 149
25 1 3--13 420 373 1 7 -9 1076 1052
391 1 3“ 12 930 978 1 7 -8 482 415
11 1 3- 11 1021 929 1 7 -7 0 * 35
470 1 3_10 563 657 1 7 -6 991 786
12 1 3 -9 875 800 1 7 -5 914 833
BOS 1 3 -8 1385 1492 1 7 -4 2404 2056
10 1 3 -7 2221 2311 1 7 -3 185 91
638 1 3 -6 476 538 1 7 -2 1149 1049
8 1 3 -5 911 996 1 7 -1 1460 1246
389 1 3 -4 661 551 1 7 0 1452 1256
1 1 3 -1 0* 1439 1 7 1 1170 1085
19 1 3 2 3391 3161 1 7 2 183 116
709 I 3 3 585 595 1 7 3 2180 2189
4 1 3 4 832 983 1 7 4 828 901
658 1 3 5 459 765 1 7 5 876 607
3 1 3 6 2188 2040 1 7 6 126* 217
595 1 3 7 1372 1350 1 7 7 450 479
13 1 3 8 869 863 1 7 8 1040 1132
Table A.7 Structure factor tables (F0FC>
A11
Values of 10*Fobs and 10*Fcalc Page 2
K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc
7 9 146* 198 1 11 10 364 417 1 15 13 622 613 1 21 -4 243 209 1 27 -2 594 598
7 10 450 519 1 11 11 304 284 1 15 14 411 408 1 21 -3 209 205 1 27 -1 328 339
7 11 233 231 1 11 12 407 473 1 15 15 208 221 1 21 -2 541 555 I 27 0 354 345
7 12 136* 193 1 11 13 608 670 1 17- 15 0* 274 1 21 -1 551 578 1 27 1 613 595
7 13 135* 183 1 11 14 485 492 1 17 -14 377 382 1 21 0 565 610 1 27 2 507 518
7 14 371 403 1 11 15 418 432 1 17- 13 367 371 1 21 1 543 545 1 27 3 269 280
7 15 322 317 1 11 16 219 289 1 17--12 46* 113 1 21 2 219 202 1 27 4 318 311
7 16 155* 177 1 13--17 200 238 1 17- 11 556 546 1 21 3 295 242 1 27 5 280 305
7 17 188 270 1 13 -16 224 265 1 17-•10 886 883 1 21 4 0* 18 1 27 6 359 358
9--17 293 270 1 13--15 456 469 1 17 -9 446 466 1 21 5 453 445 1 27 7 219 236
9 -16 500 475 1 13 -14 286 269 1 17 -8 480 451 1 21 6 547 607 1 27 8 162* 188
9- 15 590 607 1 13--13 507 517 1 17 -7 267 289 1 21 7 443 442 1 29 -6 155* 250
9--14 610 641 1 13 -12 136* 131 1 17 -6 551 581 1 21 8 208* 244 1 29 -5 185 197
9- 13 323 355 1 13- 11 0* 29 1 17 -5 276 343 1 21 9 280 278 1 29 -4 197 207
9 -12 438 435 1 13 -10 793 823 1 17 -4 389 441 1 21 10 394 368 1 29 -3 168* 248
9- 11 413 419 1 13 -9 973 912 1 17 -3 1164 1161 1 21 11 103* 139 1 29 -2 395 393
9 -10 699 691 1 13 -8 1179 1060 1 17 -2 805 770 1 21 12 245 193 1 29 -1 346 261
9 -9 111* 265 1 13 -7 756 727 1 17 -1 455 450 1 23- 12 215 247 1 29 0 329 254
9 -8 1564 1382 * 1 13 -6 762 669 1 17 0 432 360 1 23--11 0* 256 1 29 1 379 393
9 -7 306 353 1 13 "5 1419 1282 1 17 1 786 745 1 23- 10 418 432 1 29 2 211 244
9 -6 276 268 1 13 -4 555 536 1 17 2 1174 1188 1 23 -9 412 431 1 29 3 143* 202
9 -5 745 774 1 13 -3 1791 1580 1 17 3 418 416 1 23 -8 506 519 1 29 4 214 198
9 -4 360 199 1 13 -2 1516 1275 1 17 4 282 386 1 23 -7 506 574 1 29 5 165* 242
9 -3 955 1161 1 13 -1 1204 1149 1 17 5 548 527 1 23 -6 506 571 2 0- 18 654 585
9 -2 570 520 1 13 0 1168 1110 1 17 6 287 323 1 23 “ J 400. 460 2 0- 16 776 770
9 -1 734 605 1 13 1 1509 1171 1 17 7 474 448 1 23 -4 0* 40 2 0- 14 501 488
9 0 730 780 1 13 2 1787 1655 1 17 8 410 439 1 23 -3 0* 129 2 0- 12 532 489
9 1 561 569 1 13 3 539 478 1 17 9 895 876 1 23 -2 262 265 2 0- 10 670 720
9 2 935 878 1 13 4 1366 1317 1 17 10 586 553 1 23 -1 368 410 2 0 -8 1504 1448
9 3 336 377 1 13 5 749 734 1 17 11 132* 96 1 23 0 361 391 2 0 -6 1046 1012
9 4 699 735 1 13 6 731 686 1 17 12 405 366 1 23 1 324 275 2 0 -2 1197 889
9 J 227 109 1 13 7 1111 1169 1 17 13 374 383 1 23 2 110* 118 2 0 0 1175 1078
9 6 298 416 1 13 8 909 872 1 17 14 266 263 1 23 3 0* 53 2 0 4 1026 1334
9 7 1441 1300 1 13 9 769 795 1 19- 14 130* 159 1 23 4 451 480 2 0 6 1554 1199
9 8 174 285 I 13 10 126* 82 1 19- 13 291 313 1 23 5 536 589 2 0 8 686 734
9 9 683 629 1 13 11 184* 123 1 19- 12 190* 200 1 23 6 502 561 2 0 10 562 538
9 10 415 402 1 13 12 504 515 1 19- 11 118* 28 1 23 7 573 517 2 0 12 476 488
9 11 444 449 1 13 13 250 260 1 19- 10 371 376 1 23 8 450 416 2 0 14 734 750
9 12 321 342 1 13 14 449 464 1 19 -9 434 504 1 23 9 474 434 2 0 26 567 589
9 13 624 648 1 13 15 235 261 1 19 -8 172* 97 1 23 10 348 238 2 2- 19 111* 451
9 14 586 615 1 13 16 202 239 1 19 -7 167* 277 1 23 11 224 253 2 2-•18 165* 30
9 15 445 477 1 15- 16 210 215 1 19 -6 377 364 1 25- 11 122* 213 2 2- 17 836 792
9 16 197 270 1 15- 15 396 419 1 19 -5 229 222 1 25--10 274 297 2 2--16 132* 88
11- 17 272 283 1 15- 14 602 631 1 19 -4 0* 80 1 25 -9 355 400 2 2- 15 424 423
11--16 424 442 1 15- 13 0* 48 1 19 -3 761 815 1 25 -8 236 293 2 2--14 96* 56
11- 15 4B9 494 1 15- 12 299 310 1 19 -2 1115 1130 1 25 -7 408 420 2 2- 13 759 800
11--14 639 673 1 15- 11 722 749 1 19 -1 689 707 1 25 -6 586 629 2 2--12 39* 116
11- 13 435 459 1 15- 10 709 739 1 19 0 668 690 1 25 -5 389 413 2 2- 11 724 716
11--12 277 295 1 15 -9 982 973 1 19 1 1114 1159 1 25 -4 433 436 2 2--10 178 248
11- 11 371 409 1 15 -8 657 675 1 19 2 753 784 1 25 -3 437 448 2 2 -9 2165 1896
11--10 350 333 1 15 -7 849 870 1 19 3 0* 104 1 25 -2 375 451 2 2 -8 340 280
11 -9 974 1032 1 15 -6 608 646 1 19 4 104* 267 1 25 -1 588 568 2 2 -7 1908 1835
11 -8 744 695 1 15 -5 493 479 1 19 5 421 387 1 25 0 602 583 2 2 -6 1053 1054
11 -7 1131 1027 1 15 -4 1069 916 1 19 6 81* 268 1 25 1 386 450 2 2 -5 2505 2807
11 -6 933 813 1 15 -3 857 797 1 19 7 0* 85 1 25 2 426 458 2 2 -4 2812 2156
11 - j 989 716 1 15 -2 771 750 1 19 8 461 506 1 25 3 421 430 2 2 -3 2251 1987
11 -4 1340 1312 1 15 -1 91* 141 1 19 9 422 397 1 25 4 418 424 2 2 0 303 60
11 -3 1223 1056 1 15 0 0* 180 1 19 10 0* 16 1 25 5 624 617 2 2 1 2349 2141
11 -2 1932 1704 1 15 1 768 744 1 19 11 206* 190 1 25 6 433 418 2 2 2 2494 3139
11 -1 213 276 1 15 2 874 79B 1 19 12 271 307 1 25 7 305 291 2 2 3 2384 2790
11 0 195 53 1 15 3 1053 981 1 19 13 140* 170 1 25 8 380 402 2 2 4 1038 709
11 1 1931 1666 1 15 4 485 491 1 21- 13 0 * 181 1 25 9 288 278 2 2 5 1914 1847
11 2 1210 1270 1 15 5 610 628 1 21- 12 202* 161 1 25 10 200 209 2 2 6 325 270
11 3 1307 1191 1 15 6 837 834 1 21- 11 336 367 1 27 -9 145* 192 2 2 7 2223 1862
11 4 916 810 1 15 7 644 670 1 21- 10 301 292 1 27 -8 153* 239 2 2 8 210 144
11 5 873 896 1 15 8 993 1009 1 21 -9 244 248 1 27 -7 293 368 2 2 9 717 747
11 6 1040 1089 1 15 9 700 703 1 21 -8 430 455 1 27 -6 258 298 2 2 10 190 153
11 7 679 651 1 15 10 715 742 1 21 -7 548 604 1 27 "5 270 316 2 2 11 788 821
11 8 930 980 1 15 11 317 347 1 21 -6 412 426 1 27 -4 252 288 2 2 12 0* 45
11 9 323 360 1 15 12 0* 40 1 21 -5 79* 21 1 27 -3 505 518 2 2 13 402 418
Reflections f lagged with an aster isk were considered unobserved.
A12
Values of 10*Fobs and 10«Fcalc
H K L Fobs Fcalc H Y , L Fobs
2 2 14 0* 95 2 6 14 158*
2 2 15 761 790 2 6 15 434
2 2 14 55* 40 2 6 16 0*
2 2 17 359 456 2 8-■IB 237
2 4--19 73* 33 2 8--17 144*
2 4 •IB 532 500 2 8-•16 770
2 4--17 0* 87 2 8--15 188
2 4-•14 553 563 2 8-■14 374
2 4 -15 243 254 2 8--13 0*
2 4--14 235 171 2 8-■12 353
2 4--13 0* 88 2 8--11 60*
2 4--12 970 1100 2 8-■10 698
2 4--11 230 238 2 8 -9 0*
2 4 -10 1170 1153 2 8 -8 1237
2 4 -9 304 217 2 8 -7 51*
2 4 -8 2753 2518 2 8 -6 968
2 4 -7 405 170 2 8 -5 524
2 4 -4 1840 1647 2 8 -4 490
2 4 -4 2195 2073 2 8 -3 463
2 4 -3 553 272 * 2 B -2 1819
2 4 -1 0* 77 2 8 -1 0*
2 4 0 1476 1084 2 8 0 1B39
2 4 1 524 330 2 8 1 454
2 4 2 2045 2038 2 8 2 490
2 4 4 1499 1409 2 8 3 479
2 4 5 394 226 2 8 4 868
2 4 4 2730 2613 2 8 5 0*
2 4 7 328 263 2 8 6 1157
2 4 8 1245 1074 2 8 7 50*
2 4 9 177 132 2 8 8 690
2 4 10 1037 1059 2 8 9 93*
2 4 11 145* 77 2 8 10 376
2 4 12 234 169 2 8 11 99*
2 4 13 277 232 2 8 12 385
2 4 14 524 563 2 8 13 0*
2 4 15 0* 78 2 8 14 782
2 4 14 437 500 2 8 15 0*
2 4 17 56* 25 2 8 16 226
2 6--18 0* 60 2 10--18 0*
2 6-•17 428 433 2 10-•17 550
2 6--14 0* 8 2 10--16 0*
2 6-■15 250 224 2 10-■15 1004
2 6--14 0* 2 2 10--14 219
2 6-•13 310 274 2 10-■13 439
2 6--12 0* 127 2 10--12 154*
2 6-•11 495 487 2 10-■11 536
2 6--10 232 116 2 10--10 123*
2 4 -9 1757 1727 2 10 -9 816
2 4 -8 275 164 2 10 -8 0*
2 4 -7 1391 1211 2 10 -7 1203
2 4 -4 952 436 2 10 -6 0*
2 4 ■j 2641 2465 2 10 -5 267
2 4 -4 463 313 2 10 -4 0*
2 4 -3 169 109 2 10 -3 1811
2 4 _2 1168 1548 2 10 -2 533
2 4 -1 2849 3231 2 10 -1 1679
2 4 0 1216 1405 2 10 0 533
2 4 1 207 60 2 10 1 1831
2 4 2 433 531 2 10 2 0*
2 4 3 2410 2461 2 10 3 259
2 4 4 859 852 2 10 4 127*
2 4 5 1280 1312 2 10 5 1109
2 4 4 233 199 2 10 6 81*
2 4 7 1759 175B 2 10 7 789
2 4 8 220 135 2 10 8 127*
2 4 9 505 509 2 10 9 531
2 4 10 0* 75 2 10 10 220
i 4 11 286 265 2 10 11 449
T 4 12 0* 16 -> 10 12 199
2 4 13 242 240 2 10 13 1016
Reflections flagged with an asterisk were
:ca lc H K L Fobs Fcalc H K L
6 2 10 14 0* 14 2 16--15
421 2 10 15 499 558 2 16- 14
55 2 10 16 61* 40 2 16-■13
222 2 12-■17 0* 42 2 16-•12
23 2 12--16 578 567 2 16--11
820 2 12-•15 133* n o 2 16-•10
152 2 12--14 739 776 2 16 -9
415 2 12-■13 46* 96 2 16 -8
44 2 12--12 102* 96 2 16 -7
368 2 12-■11 182 152 2 16 -6
124 2 12--10 987 995 2 16 -5
729 2 12 -9 226 147 2 16 -4
24 2 12 -8 1149 1020 2 16 -3
1097 2 12 -7 0* 86 2 16 -2
83 2 12 -6 1412 1217 2 16 -1
839 2 12 -5 339 439 2 16 0
435 2 12 -4 1203 1015 2 16 1
398 2 12 -3 452 381 2 16 2
437 2 12 -2 1969 1809 2 16 3
1910 2 12 -1 31* 16 2 16 4
40 2 12 0 1952 1942 2 16 5
1841 2 12 1 483 405 2 16 6
368 2 12 2 1177 962 2 16 7
546 2 12 3 353 391 2 16 8
279 2 12 4 1362 1184 2 16 9
985 2 12 5 103* 58 2 16 10
69 2 12 6 1093 1088 2 16 11
1062 2 12 7 151* 182 2 16 12
39 2 12 8 908 969 2 16 13
666 2 12 9 141* 149 2 16 14
70 2 12 10 143* 102 2 18--15
358 2 12 11 0* 59 2 18-•14
38 2 12 12 762 772 2 18--13
435 2 12 13 50* 91 2 18-■12
172 2 12 14 546 574 2 18--11
805 2 12 15 0* 41 2 18-■10
18 2 14--17 296 329 2 18 -9
217 2 14-•16 0* 90 2 IB -8
35 2 14--15 701 654 2 IB -7
562 2 14-■14 20* 97 2 18 -6
23 2 14--13 411 388 2 18 -5
1065 2 14-•12 99* 35 2 18 -4
203 2 14--11 778 789 2 IB -3
478 2 14-■10 236 105 2 18 -2
131 2 14 -9 1229 1191 2 18 -1
558 2 14 -B 91* 105 2 18 0
99 2 14 -7 984 933 2 18 1
902 2 14 -6 288 205 2 18 2
123 2 14 -5 1647 1453 2 IB 3
1147 2 14 -4 790 675 2 18 4
284 2 14 -3 1605 1394 2 18 5
165 2 14 -2 106* 99 2 18 6
500 2 14 -1 1586 1397 2 18 7
1608 2 14 0 0* 153 2 IB 8
339 2 14 1 1599 1424 2 18 9
1614 2 14 2 794 804 2 18 10
592 2 14 3 1615 1514 2 18 11
1680 2 14 4 235 257 2 IB 12
33 2 14 5 962 932 2 18 13
17B 2 14 6 161* 159 2 20-■14
16 2 14 7 1176 1183 2 20--13
10B4 2 14 8 41* 133 2 20- 12
168 2 14 9 765 766 2 20-■11
885 2 14 10 0* 53 2 20- 10
182 2 14 11 424 402 2 20 -9
549 2 14 12 152* 101 2 20 -8
97 2 14 13 676 656 2 20 -7
492 2 14 14 0* 70 2 20 -6
178 2 14 15 266 323 2 20 -5
1066 2 16-■16 436 436 2 20 -4
considered unobserved.
Fobs Fcalc H K L
Page 3 
Fobs Fcalc
140* 35 2 20 -3 63* 112
609 604 2 20 -2 1175 124B
0* 70 2 20 -1 0 * 11
745 762 2 20 0 1120 1218
205 46 2 20 1 145* 74
946 961 2 20 2 432 489
78* 29 2 20 3 0* 11
603 679 2 20 4 313 356
147* 161 2 20 5 189* 126
536 539 2 20 6 320 335
70* 53 2 20 7 0 * 102
1107 1098 2 20 8 331 298
281 346 2 20 9 0 * 30
985 937 2 20 10 405 370
73* 1 2 20 11 75* 97
924 978 2 20 12 369 413
285 261 2 22-13 289 . 352
1109 1098 2 22-12 102* 95
0* 58 2 22-11 615 655
533 532 2 22-10 178* 98
124* 143 2 22 -9 380 400
605 667 2 22 -8 67* 59
0* 27 2 22 -7 702 840
973 948 2 22 -6 0 * 47
96* 23 2 22 -5 0* 51
789 768 2 22 -4 0 * 46
0* 53 2 22 -3 351 337
644 606 2 22 -2 218 169
113* 41 2 22 -1 722 777
403 429 2 22 0 194 163
259 303 2 22 1 324 318
0* 24 2 22 2 98 * 73
531 517 2 22 3 0 * 52
0 * 29 2 22 4 0 * 49
526 526 2 22 5 748 816
139* 166 2 22 6 0 * 35
295 273 2 22 7 425 400
227 191 2 22 8 149* 98
435 467 2 22 9 702 671
0* 1 2 22 10 0 * 123
358 358 2 22 11 347 349
133* 64 2 24-12 251 329
1517 1538 2 24-11 143* 53
153* 111 2 24-10 578 630
1024 1103 2 24 -9 0 * 93
0* 89 2 24 -8 522 556
1503 1483 2 24 -7 0 * 2
147* 63 2 24 -6 773 822
333 355 2 24 -5 55* 19
0 * 28 2 24 -4 174* 199
448 487 2 24 -3 87* 38
252 197 2 24 -2 731 769
242 265 2 24 -1 75* 8
175* 150 2 24 0 724 772
563 540 2 24 1 94* 69
0* 36 2 24 2 146* 177
554 521 2 24 3 146* 32
70* 33 2 24 4 830 825
288 304 2 24 5 173* 15
384 411 2 24 6 597 540
0* 88 2 24 7 0* 86
383 360 2 24 8 660 649
0* 45 2 24 9 129* 72
266 291 2 24 10 291 332
0* 103 2 26 -10 43* 13
301 357 2 26 -9 327 346
141* 101 2 26 -8 42* 44
302 361 2 26 -7 608 638
28* 56 2 26 -6 0 * 51
417 461 2 26 -5 398 435
A 1 3
Values of 10*Fobs and 10*Fcalc Page 4
H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc
2 26 -4 0* 41 3 3-18 412 378 3 7 -19 243 263 3 11 -18 257 283 3 15-■13 274 288
2 26 -3 709 740 3 3--17 717 698 3 7--18 71* 164 3 11--17 366 327 3 15- 12 655 636
2 26 -2 137* 74 3 3'-16 208 249 3 7--17 519 541 3 11--16 346 334 3 15- 11 623 598
2 26 -1 892 909 3 3-■15 123* 217 3 7--16 457 444 3 11-•15 674 729 3 15- 10 956 939
2 26 0 164* 75 3 3'-14 512 568 3 7--15 164* 125 3 11--14 583 632 3 15 -9 654 697
2 26 1 678 730 3 3-•13 649 744 3 7-■14 194 154 3 11--13 421 415 3 15 -8 869 821
2 26 2 207* 36 3 3--12 1115 1114 3 7--13 121* 70 3 11--12 539 548 3 15 -7 530 504
2 26 3 412 440 3 3--11 461 369 3 7-■12 305 325 3 11--11 389 439 3 15 -6 624 693
2 26 4 215* 58 3 3--10 785 716 3 7--11 492 464 3 11--10 1060 953 3 15 -5 1160 1076
2 26 5 663 635 3 3 -9 2198 1831 3 7-■10 1406 1341 3 11 -9 659 627 3 15 -4 134* 124
2 26 6 0* 42 3 3 -8 1438 1042 3 7 -9 930 854 3 11 -8 1243 1101 3 15 -3 581 481
2 26 7 371 343 3 3 -7 399 427 3 7 -8 423 275 3 11 -7 1540 1312 3 15 -2 833 823
2 26 8 0* 30 3 3 -6 0* 194 3 7 -7 150* 43 3 11 -6 350 377 3 15 -1 828 793
2 28 -8 312 413 3 3 -5 205 291 3 7 -6 1B96 1909 3 11 -5 647 552 3 15 0 579 495
2 28 -7 0* 37 3 3 -4 2441 2451 3 7 -5 1880 1956 3 11 -4 1363 1501 3 15 1 57* 133
2 28 -6 233 309 3 3 -3 3858 2567 3 7 -4 721 679 3 11 -3 1741 1687 3 15 2 1147 1033
2 28 -5 117* 70 3 3 -2 792 665 3 7 -3 120* 240 3 11 -2 2376 2263 3 15 3 586 669
2 28 -4 343 346 3 3 0 4084 3323 3 7 -2 1870 2014 3 11 -1 2408 2429 3 15 4 520 535
2 28 -3 0* 77 * 3 3 1 2597 2932 3 7 -1 1960 1925 3 11 0 1762 1507 3 15 5 B46 812
2 28 -2 599 585 3 3 2 242 65 3 7 0 154 245 3 11 1 1361 1241 3 15 6 661 672
2 28 -1 0* 21 3 3 3 0* 405 3 7 1 738 425 3 11 2 646 697 3 15 7 945 957
2 28 0 583 581 3 3 4 376 238 3 7 2 1839 1717 3 11 3 342 246 3 15 8 633 611
2 28 1 0* 70 3 3 5 1464 1109 3 7 3 1801 1654 3 11 4 1464 1268 3 15 9 665 633
2 28 2 283 345 3 3 6 2285 1724 3 7 4 198 70 3 11 5 1192 1079 3 15 10 264 284
2 28 3 0* 66 3 3 7 828 754 3 7 5 409 239 3 11 6 609 616 3 15 11 0 * n o
2 28 4 330 324 3 3 8 479 450 3 7 6 916 816 3 11 7 1041 1029 3 15 12 470 449
2 28 J 90* 24 3 3 9 1175 1109 3 7 7 1420 1297 3 11 8 420 368 3 15 13 318 325
2 28 6 335 399 3 3 10 677 714 3 7 8 515 458 3 11 9 522 558 3 15 14 259 271
2 30 -4 88* 90 3 3 11 518 577 3 7 9 337 378 3 11 10 454 434 3 17--16 342 369
2 30 -3 154* 247 3 3 12 16* 173 3 7 10 0* 73 3 11 11 615 625 3 17-•15 317 297
2 30 -2 101* 70 3 3 13 256 250 3 7 11 201 114 3 11 12 722 716 3 17-•14 360 331
2 30 -1 563 606 3 3 14 672 697 3 7 12 124* 118 3 11 13 343 353 3 17-•13 205* 172
2 30 0 0* 74 3 3 15 362 372 3 7 13 470 445 3 11 14 317 333 3 17--12 348 323
2 30 1 149* 247 3 3 16 164 193 3 7 14 523 538 3 11 15 232 271 3 17-■11 600 635
2 30 2 101* 95 3 5--19 175* 165 3 7 15 157* 166 3 13--17 177* 202 3 17--10 420 458
3 1-•19 514 445 3 5-•IB 485 437 3 7 16 256 265 3 13-■16 319 308 3 17 -9 477 524
3 1-■18 410 362 3 5--17 443 413 3 9--18 311 278 3 13--15 163* 187 3 17 -8 227 302
3 1-•17 305 291 3 5-■16 390 360 3 9- 17 401 370 3 13-■14 459 44B 3 17 -7 396 361
3 1-■16 522 537 3 5--15 0* 24 3 9-■16 740 762 3 13--13 329 359 3 17 -6 609 589
3 1-•15 635 609 3 5-■14 202 166 3 9- 15 663 692 3 13-•12 246 258 3 17 -5 517 507
3 1-■14 806 764 3 5-•13 651 651 3 9--14 365 401 3 13--11 677 670 3 17 -4 547 538
3 1-■13 652 733 3 5-•12 455 547 3 9-■13 389 429 3 13-•10 635 618 3 17 -3 197 227
3 1-■12 343 358 3 5--11 519 608 3 9--12 314 336 3 13 -9 1146 1150 3 17 -2 482 487
3 1-■11 632 642 3 5-•10 625 640 3 9- 11 942 999 3 13 -8 1005 1011 3 17 -1 480 505
3 1-■10 1462 1335 3 5 -9 451 347 3 9-•10 590 659 3 13 -7 966 890 3 17 0 170* 219
3 1 -9 1533 1400 3 5 -8 890 893 3 9 -9 803 807 3 13 -6 1217 1064 3 17 1 552 526
3 1 -8 1485 1467 3 5 -7 182 87 3 9 -8 567 534 3 13 -5 0* 23 3 17 2 500 498
3 1 -7 972 773 3 5 -6 289 390 3 9 -7 0* 69 3 13 -4 1125 1180 3 17 3 591 572
3 1 -6 937 1245 3 5 -5 1428 1190 3 9 -6 1357 1242 3 13 -3 1468 1431 3 17 4 361 370
3 1 • j 1316 753 3 5 -4 1889 1818 3 9 -5 356 126 3 13 -2 1071 1017 3 17 5 246 316
3 1 -4 2736 2825 3 5 -3 1485 1671 3 9 -4 358 189 3 13 -1 1068 1021 3 17 6 495 539
3 1 -2 3441 3510 3 5 -2 2298 2169 3 9 -3 2072 1926 3 13 0 1451 1264 3 17 7 393 405
3 1 -1 3299 4192 3 5 -1 2406 2455 3 9 -2 1992 1895 3 13 1 1127 1023 3 17 8 622 641
3 1 1 2543 1800 3 5 0 1569 1422 3 9 -1 2048 1779 3 13 2 0* 121 3 17 9 352 332
3 1 2 1241 1310 3 5 1 1959 2040 3 9 0 2100 2083 3 13 3 1167 1116 3 17 10 79* 166
3 1 3 910 993 3 5 2 1375 1204 3 9 1 363 313 3 13 4 952 798 3 17 11 388 347
3 1 4 958 940 3 5 3 253 28 3 9 2 335 417 3 13 5 966 1048 3 17 12 328 295
3 1 J 1526 1617 3 5 4 198 223 3 9 3 1304 1063 3 13 6 1114 1149 3 17 13 367 378
3 1 6 1694 1432 3 5 5 863 922 3 9 4 90* 113 3 13 7 636 637 3 19--15 294 296
3 1 7 1572 1508 3 5 6 442 331 3 9 5 548 543 3 13 8 689 660 3 19--14 271 272
3 1 8 671 562 3 5 7 650 626 3 9 6 772 791 3 13 9 256 219 3 19--13 261 252
3 1 9 352 348 3 5 8 558 578 3 9 7 591 618 3 13 10 351 355 3 19--12 0* 60
3 1 10 705 674 3 5 9 479 549 3 9 8 958 1032 3 13 11 435 464 3 19--11 175* 179
3 1 11 860 735 3 5 10 684 668 3 9 9 330 380 3 13 12 166* 202 3 19--10 273 305
3 1 12 657 609 3 5 11 154* 173 3 9 10 410 383 3 13 13 328 305 3 19 -9 0 * 85
3 ! 13 522 533 3 5 12 70* 33 3 9 11 401 406 3 13 14 246 211 3 19 -8 516 506
3 1 14 227 287 3 5 13 360 342 3 9 12 692 695 3 15--17 223 285 3 19 -7 627 597
3 1 15 362 363 3 5 14 444 401 3 9 13 745 744 3 IS ­•16 317 312 J 19 -6 470 450
3 i 16 433 451 3 5 15 427 454 3 9 14 368 370 3 IS--15 469 428 3 19 -5 456 426
3 3- 19 146* 184 3 5 16 111* 161 3 9 15 247 285 3 15-■14 66* 110 J 19 -4 687 691
Reflections flagged with an asterisk were considered unobserved.
A14
Values of 10«Fobs and 10*Fcalc Page 5
H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc
3 19 -3 962 963 3 25 -7 664 685 2 -13 1041 1030 4 6 -14 65* 55 4 10- 14 119* 79
3 19 -2 391 675 3 25 -6 392 395 2--12 433 430 4 6-■13 635 680 4 10- 13 795 850
3 19 -1 376 662 3 25 -5 328 323 2 -11 453 471 4 6 -12 255 215 4 10- 12 0* 130
3 19 0 930 1003 3 25 -4 174* 205 2-■10 385 425 4 6--11 1303 1208 4 10- 11 1062 1003
3 19 1 686 720 3 25 -3 28B 319 2 -9 2038 1780 4 6 -10 74* 208 4 10- 10 129* 163
3 19 2 440 411 3 25 -2 810 837 2 -8 267 233 4 6 -9 351 441 4 10 -9 1128 1014
3 19 3 470 452 3 25 -1 811 843 2 -7 1565 1658 4 6 -8 970 959 4 10 -8 271 246
3 19 4 639 589 3 25 0 252 335 2 -6 230 107 4 6 -7 761 756 4 10 -7 230 118
3 19 5 533 496 3 25 1 67* 199 2 -5 1123 1160 4 6 -6 274 160 4 10 -6 54* 101
3 19 6 53* 59 3 25 2 351 330 2 -3 3875 3572 4 6 -5 2843 2940 4 10 -5 1507 1229
3 19 7 319 310 3 25 3 401 397 2 -2 0* 1172 4 6 -4 450 619 4 10 -4 449 446
3 19 B 72* 153 3 25 4 716 678 2 -1 3596 3521 4 6 -3 1488 1664 4 10 -3 2058 1836
3 19 9 0* 62 3 25 5 403 394 2 1 1038 1181 4 6 -2 166 262 4 10 -2 76* 149
3 19 10 284 272 3 25 6 233 181 2 2 211 192 4 6 -1 1574 1770 4 10 -1 2107 1688
3 19 11 293 271 3 25 7 397 396 2 3 1525 1615 4 6 0 459 645 4 10 0 466 308
3 19 12 272 289 3 25 8 329 339 2 4 276 189 4 6 1 2953 2812 4 10 1 1495 1280
3 21 -14 269 328 3 27 -10 98* 175 2 5 2103 1778 4 6 2 321 180 4 10 2 69* 20
3 21--13 269 242 3 27 -9 150* 252 2 6 390 305 4 6 3 741 764 4 10 3 179 108
3 21 -12 455 464 3 27 -8 184* 275 2 7 488 429 4 6 4 944 758 4 10 4 207 99
3 21--11 218 212 * 3 27 -7 212 290 2 8 471 466 4 6 5 354 377 4 10 5 1070 1033
3 21 -10 33* 63 3 27 -6 304 376 2 9 1146 1050 4 6 6 130* 178 4 10 6 0* 182
3 21 -9 373 385 3 27 -5 191* 273 2 10 164* 217 4 6 7 1379 1234 4 10 7 1073 1039
3 21 -8 385 653 3 27 -4 437 442 2 11 946 879 4 6 8 292 160 4 10 8 187 197
3 21 -7 653 741 3 27 -3 479 464 2 12 397 453 4 6 9 682 623 4 10 9 846 843
3 21 -6 0* 86 3 27 -2 388 424 2 13 905 912 4 6 10 0* 44 4 10 10 184* 62
3 21 -5 0* 28 3 27 -1 401 410 2 14 175* 183 4 6 11 135* 75 4 10 11 799 796
3 21 -4 386 409 3 27 0 468 456 2 15 342 336 4 6 12 0* 92 4 10 12 218 104
3 21 -3 431 436 3 27 1 441 447 2 16 112* 97 4 6 13 448 387 4 10 13 622 606
3 21 -2 637 670 3 27 2 234 286 4 -20 151* 181 4 6 14 0* 12 4 10 14 0 * 38
3 21 -1 604 660 3 27 3 355 370 4--19 0* 85 4 6 15 356 360 4 10 15 254 367
3 21 0 426 498 3 27 4 299 291 4 -18 742 748 4 8 -19 0* 41 4 12 -18 408 425
3 21 1 375 389 3 27 5 328 267 4- 17 0 * 100 4 8- 18 363 334 4 12- 17 144* 116
3 21 2 0* 29 3 27 6 262 257 4 -16 301 308 4 8 -17 70* n o 4 12--16 432 453
3 21 3 0 * 100 3 27 7 39* 184 4- 15 256 249 4 8- 16 562 597 4 12- 15 0 * 17
3 21 4 672 737 3 29 -7 63* 181 4 -14 803 811 4 8--15 39* 142 4 12--14 516 585
3 21 5 590 625 3 29 -6 105* 215 4- 13 115* 29 4 8- 14 466 537 4 12- 13 111* 115
3 21 6 400 396 3 29 -5 234 315 4--12 1153 1193 4 8--13 0* 107 4 12--12 503 522
3 21 7 62* 41 3 29 -4 308 303 4- 11 398 317 4 8- 12 964 1005 4 12- 11 0* 41
3 21 8 248 213 3 29 -3 321 352 4--10 1305 1265 4 8--11 75* 131 4 12--10 1682 1643
3 21 9 484 463 3 29 -2 164* 183 4 -9 173 43 4 8- 10 1249 1060 4 12 -9 91* 20
3 21 10 219* 258 3 29 -1 0* 191 4 -8 1613 1194 4 8 -9 271 364 4 12 -8 1344 - 1275
3 21 11 348 322 3 29 0 352 365 4 -7 281 477 4 8 -8 1133 733 4 12 -7 185* 196
3 23- 13 263 323 3 29 1 284 291 4 -6 166 114 4 8 -7 673 539 4 12 -6 195 349
3 23- 12 314 355 3 29 2 261 310 4 -5 985 920 4 8 -6 1822 1408 4 12 -5 102* 11
3 23- 11 475 502 3 29 3 171* 222 4 -4 2278 2428 4 8 -5 465 414 4 12 -4 1930 1550
3 23- 10 260 243 3 29 4 110* 192 4 -3 382 1B1 4 8 -4 1074 1198 4 12 -3 217 162
3 23 -9 339 357 4 0- 20 455 465 4 -2 1825 1742 4 8 -3 124* 167 4 12 -2 1847 2038
3 23 -8 684 737 4 0 - 18 493 422 4 -1 347 246 4 8 -2 797 993 4 12 -1 227 165
3 23 -7 636 657 4 0- 16 1263 1224 4 0 2374 1608 4 8 -1 144 260 4 12 0 1925 1803
3 23 -6 443 465 4 0 - 14 1167 1159 4 1 1052 1040 4 8 0 1109 859 4 12 1 97* 60
3 23 -5 0* 116 4 0- 12 154* 43 4 2 166 283 4 8 1 447 395 4 12 2 211 155
3 23 -4 86* 95 4 0 - 10 333 499 4 3 265 454 4 8 2 1804 1867 4 12 3 211 212
3 23 -3 526 546 4 0 -8 1669 1975 4 4 1589 1453 4 8 3 660 524 4 12 4 1296 1321
3 23 -2 524 536 4 0 -6 3033 3469 4 5 126* 20 4 8 4 1096 909 4 12 5 0 * 85
3 23 -1 499 542 4 0 -4 1466 1399 4 6 1390 1422 4 8 5 291 343 4 12 6 1657 1558
3 23 0 550 526 4 0 2 2938 3423 4 7 453 408 4 8 6 1236 1130 4 12 7 41* 15
3 23 1 0* 58 4 0 4 1646 1778 4 8 1243 1225 4 8 7 65* 133 4 12 8 527 580
3 23 2 0* 137 4 0 6 349 244 4 9 0* 12 4 8 8 1017 911 4 12 9 168* 139
3 23 3 457 464 4 0 8 129* 31 4 10 869 799 4 8 9 0* 58 4 12 10 570 550
3 23 4 671 668 4 0 10 1308 1134 4 11 234 222 4 8 10 516 555 4 12 11 56* 30
3 23 J 728 740 4 0 12 1344 1223 4 12 329 300 4 8 11 70* 134 4 12 12 483 461
3 23 6 33B 341 4 0 14 466 425 4 13 0* 97 4 8 12 593 590 4 12 13 194* 101
3 23 7 294 238 4 0 16 407 466 4 14 717 736 4 8 13 74* 123 4 12 14 414 422
3 23 8 543 503 4 2 - 20 0* 91 4 15 96* 103 4 8 14 348 335 4 14--18 0 * 12
3 23 9 413 376 4 2- 19 368 338 4 16 111* 175 4 8 15 0* 36 4 14 -17 391 382
3 23 10 304 311 4 2 - 18 232 1B4 6- 19 357 369 4 10- 19 291 362 4 14--16 179* 120
3 25- 11 293 321 4 2- 17 919 921 6- 18 0* 11 4 10- 18 0* 68 4 14 -15 356 385
3 25- 10 354 392 4 2- 16 374 453 6- 17 424 387 4 10- 17 607 608 4 14--14 59* 48
3 25 -9 230 200 4 2- 15 869 891 6- 16 96* 98 4 10 -16 108* 90 4 14 -13 430 470
3 25 -8 401 381 4 2- 14 0* 195 6- 15 0* 76 4 10- 15 759 805 4 14 -12 143* 1
Reflec t ions flagged with an as ter isk  Here considered unobserved.
A15
Values of 10*Fobs and 10*Fcalc Page 6
H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc
4 14 -11 1301 1278 4 18 -3 1076 1083 4 24 -11 218 10 5 1--12 304 346 5 5 -9 1409 1425
4 14--10 0# 6 4 18 -2 0* 41 4 24--10 471 465 5 1-■11 0* 154 . 5 5 -8 1574 1596
4 14 -9 1517 1422 4 18 -1 1060 1116 4 24 -9 0 * 113 5 1--10 424 271 5 5 -7 1163 930
4 14 -8 0» 15 4 18 0 177* 103 4 24 -8 980 1006 5 1 -9 1517 1402 5 5 -6 1396 1468
4 14 -7 1304 1294 4 18 1 550 548 4 24 -7 134* 147 5 1 -8 1503 1303 5 5 -5 1275 1263
4 14 -6 222 165 4 IB 2 90* 58 4 24 -6 629 622 5 1 -7 1138 1345 5 5 -4 1153 1248
4 14 -5 904 861 4 18 3 688 658 4 24 -5 178* 233 5 1 -6 560 643 5 5 -3 1631 1380
4 14 -4 872 B12 4 18 4 266 189 4 24 -4 237 260 5 1 -5 0* 36 5 5 -2 1630 1855
4 14 -3 1441 1400 4 18 5 467 571 4 24 -3 359 257 5 1 -4 2087 2223 5 5 -1 1166 1628
4 14 -2 105* 37 4 18 6 133* 27 4 24 -2 637 706 5 1 -2 2632 2795 5 5 0 1315 1378
4 14 -1 1451 1402 4 18 7 773 779 4 24 -1 270 236 5 1 0 0* 78 5 5 1 1457 1586
4 14 0 863 818 4 18 8 123* 9 4 24 0 252 290 5 1 1 526 671 5 5 2 1183 1106
4 14 1 930 896 4 18 9 215* 214 4 24 1 249 260 5 1 2 1090 1306 5 5 3 1553 1583
4 14 2 176* 185 4 18 10 0* 43 4 24 2 628 592 5 1 3 1458 1155 5 5 4 1361 1372
4 14 3 1264 1309 4 18 11 309 279 4 24 3 193* 147 5 1 4 1540 1416 5 5 5 653 402
4 14 4 189 25 4 18 12 0* 32 4 24 4 1015 1010 5 1 5 439 469 5 5 6 1401 1191
4 14 5 1505 1388 4 20--15 0* 39 4 24 5 0* 125 5 1 6 124* 119 5 5 7 892 692
4 14 6 82t 27 4 20-■14 213 185 4 24 6 491 452 5 1 7 342 312 5 5 8 441 474
4 14 7 1342 1267 " 4 20--13 191* 102 4 24 7 126* 6 5 1 8 587 469 5 5 9 889 850
4 14 8 127* 16 4 20-■12 203* 264 4 24 8 357 397 5 1 9 908 785 5 5 10 52* 163
4 14 9 476 466 4 20-■11 223 176 4 24 9 0* 38 5 1 10 0* 153 5 5 11 325 296
4 14 10 Of 57 4 20-•10 436 456 4 26- 11 248 349 5 1 11 398 351 5 5 12 0* 171
4 14 11 397 382 4 20 -9 211 219 4 26--10 0* 4 5 1 12 781 765 5 5 13 0 * 99
4 14 12 131* 114 4 20 -8 920 927 4 26 -9 379 388 5 1 13 746 672 5 5 14 459 465
4 14 13 373 380 4 20 -7 269 268 4 26 -8 0* 33 5 1 14 360 349 5 5 15 247 295
4 14 14 0* 23 4 20 -6 137* 45 4 26 -7 638 695 5 1 15 233 215 5 7-■20 302 336
4 16--17 0* 1 4 20 _5 195 212 4 26 -6 0* 79 5 3--20 263 258 5 7--19 136* 176
4 16- 16 513 530 4 20 -4 723 760 4 26 -5 704 713 5 3- 19 378 391 5 7-■18 452 396
4 16--15 0* 83 4 20 -3 0* 65 4 26 -4 79* 133 5 3-■18 693 660 J 7-■17 158* 166
4 16-■14 240 23B 4 20 -2 1029 1130 4 26 -3 649 644 5 3- 17 312 306 5 7-■16 191* 239
4 16-•13 0* 10 4 20 -1 0* 70 4 26 -2 74* 1 5 3--16 256 181 5 7--15 372 365
4 16-■12 1163 1153 4 20 0 704 735 4 26 -1 637 646 5 3-■15 775 778 5 7-■14 102* 70
4 16--11 179* 33 4 20 1 181* 194 4 26 0 140* 140 5 3--14 524 462 5 7--13 349 363
4 16-■10 1051 1069 4 20 2 0* 56 4 26 1 699 720 5 3-■13 1260 1212 5 7-■12 433 425
4 16 -9 0* 76 4 20 3 280 264 4 26 2 0* 72 J 3-■12 710 640 5 7--11 832 847
4 16 -8 862 894 4 20 4 928 933 4 26 3 661 668 5 3-•11 589 525 5 7-■10 B10 902
4 16 -7 200 237 4 20 5 159* 220 4 26 4 0* 43 5 3--10 1844 1721 5 7 -9 591 453
4 16 -6 765 761 4 20 6 448 457 4 26 5 418 395 5 3 -8 1760 1525 5 7 -8 260 449
4 16 -5 430 480 4 20 7 243 202 4 26 6 79* 3 5 3 -7 1460 1288 5 7 -7 506 576
4 16 -4 453 477 4 20 8 273 253 4 26 7 308 351 5 3 -6 627 906 5 7 -6 950 856
4 16 -3 46* 97 4 20 9 74* 107 4 28 -9 67* 12 5 3 -5 485 223 5 7 -5 344 391
4 16 -2 1009 1024 4 20 10 158* 193 4 28 -8 262 365 5 3 -4 1621 1823 5 7 -4 1537 1704
4 16 -1 190 226 4 20 11 0* 31 4 28 -7 0* 20 5 3 -2 2032 2357 5 7 -3 1882 2109
4 16 0 461 474 4 22-■14 0* 46 4 28 -6 341 356 5 3 0 534 232 5 7 -2 1913 2034
4 16 1 436 481 4 22--13 356 342 4 28 -5 0* 109 5 3 1 580 876 5 7 -1 1595 1709
4 16 2 751 751 4 22-■12 84* 31 4 28 -4 687 692 5 3 2 1391 1470 5 7 0 387 387
4 16 3 211 284 4 22--11 381 401 4 28 -3 271 218 CJ 3 3 1735 1644 5 7 1 974 865
4 16 4 836 900 4 22-•10 87* 100 4 28 -2 202* 207 J 3 4 492 612 5 7 2 512 353
4 16 5 45* 54 4 22 -9 885 964 4 28 -1 200* 212 5 3 5 1942 1593 5 7 3 201 319
4 16 6 1057 1078 4 22 -8 0 * 99 4 28 0 673 693 5 3 6 607 574 5 7 4 573 538
4 16 7 0* 3 4 22 -7 697 741 4 28 1 51* 114 J 3 7 781 615 5 7 5 870 829
4 16 8 1204 1151 4 22 -6 261 221 4 28 2 295 351 5 3 8 1480 1210 5 7 6 867 809
4 16 9 0* 22 4 22 -5 124* 153 4 28 3 0* 36 5 3 9 593 482 5 7 7 489 446
4 16 10 259 235 4 22 -4 285 257 4 28 4 302 357 5 3 10 860 791 5 7 8 382 350
4 16 11 0* 61 4 22 -3 557 548 4 28 5 56* 0 J 3 11 156* 206 5 7 9 78* 113
4 16 12 519 523 4 22 -2 91* 12 4 30 -5 263 380 5 3 12 326 306 5 7 10 393 391
4 16 13 46* 3 4 22 -1 538 559 4 30 -4 0* 4 cJ 3 13 714 655 5 7 11 182* 248
4 18-■16 0* 27 4 22 0 243 200 4 30 -3 308 397 5 3 14 410 384 5 7 12 175* 155
4 18-•15 286 284 4 22 1 181* 134 4 30 -2 0* 2 5 3 15 230 246 5 7 13 408 381
4 1B- 14 0* 30 4 22 2 206 203 4 30 -1 350 405 5 5-20 302 315 5 7 14 53* 154
4 18-•13 232 215 4 22 3 696 736 4 30 0 0* 2 5 5--19 509 492 5 7 15 250 323
4 18- 12 0* 5 4 22 4 117* 107 4 30 1 259 368 5 5-•IB 77* 103 5 9--19 220 295
4 18-•11 737 781 4 22 5 911 968 5 1-■20 59* 228 5 5--17 188* 157 5 9--18 395 386
4 18- 10 0* 7 4 22 6 116* 119 5 1-■19 357 357 5 5--16 330 283 5 9--17 744 738
4 18 -9 503 572 4 22 7 411 390 5 1-■18 702 687 5 5--15 184 134 5 9--16 385 416
4 18 -8 243 173 4 22 8 150* 28 5 1-•17 700 765 5 5-■14 814 B15 5 9--15 341 382
4 18 -7 723 647 4 22 9 440 348 5 1-•16 387 343 5 5--13 395 447 5 9--14 517 541
4 18 -6 0* 47 4 22 10 86* 29 5 1- 15 34* 94 5 5-•12 820 753 5 9--13 320 303
4 IB -5 558 627 4 24-■13 63* 37 5 1-•14 823 792 5 5--11 1295 1274 5 9 -12 504 495
4 18 -4 192 76 4 24- 12 369 390 5 1- 13 535 457 cJ 5-■10 622 573 5 9--11 500 462
Reflections flagged with an aste r isk were considered unobserved.
A16
Values Df 10*Fobs and 10*Fcalc
H K L Fobs Fcalc H K L Fobs
5 9--10 1113 1160 5 13 -7 1468
5 9 -9 1219 944 5 13 -6 1110
5 9 -8 648 517 5 13 -5 1530
5 9 -7 345 233 5 13 -4 1228
5 9 -6 323 153 5 13 -3 480
j 9 -5 1272 1082 5 13 -2 491
5 9 -4 835 819 5 13 - I 1235
5 9 -3 434 2 22 5 13 0 1520
C
J 9 - 2 449 389 5 13 1 1108
5 9 -1 852 1091 5 13 2 1429
5 9 0 1294 1086 5 13 3 456
5 9 1 325 201 5 13 4 566
5 9 2 336 87 5 13 5 1240
5 9 3 629 441 5 13 6 799
5 9 4 1180 995 5 13 7 792
5 9 5 1110 1130 5 13 8 0*
5 9 6 510 463 5 13 9 282
5 9 7 504 540 5 13 10 288
5 9 8 334 338 « 5 13 11 377
5 9 9 573 535 5 13 12 416
5 9 10 367 374 5 13 13 242
5 9 11 403 411 5 15--18 203
5 9 12 764 729 5 15--17 345
5 9 13 402 378 5 15--16 542
5 9 14 267 278 5 15--15 203*
5 11--19 242 289 5 15--14 190*
5 11--18 459 482 5 15--13 6t8
5 11--17 407 439 J 15--12 872
5 11--16 564 576 5 15--11 1067
5 11--15 423 416 5 15--10 571
5 11--14 352 377 5 15 -9 734
5 11--13 407 396 5 15 -8 864
s 11--12 54* 134 5 15 -7 657
5 11--11 1097 1089 5 15 -6 1046
5 11--10 958 903 5 15 -5 743
5 11 -9 704 737 5 15 -4 654
5 11 -8 310 297 5 15 -3 354
5 11 -7 154* 32 5 15 -2 391
j 11 -6 1494 1362 5 15 -1 651
5 11 -5 1471 1242 5 15 0 735
5 11 -4 568 599 5 15 1 1027
5 11 -3 900 810 5 15 2 623
5 11 -2 887 714 5 15 3 856
j 11 -1 591 524 5 15 4 724
5 11 0 1500 1284 5 15 5 571
5 11 1 1508 1416 5 15 6 1095
5 11 2 42* 101 5 15 7 896
5 11 3 322 407 5 15 8 652
5 11 4 678 683 5 15 9 114*
5 11 J 929 900 5 15 10 270
5 11 6 1107 1049 5 15 11 592
j 11 7 59* 129 5 15 12 414
5 11 8 391 369 5 15 13 256
j 11 9 354 356 5 17- 17 332
5 11 10 452 436 5 17-•16 278
C
J 11 11 587 557 5 17- 15 336
J 11 12 447 440 5 17- 14 246
5 11 13 507 463 5 17- 13 422
5 11 14 268 296 5 17- 12 775
5 13- 18 316 291 5 17- 11 495
5 13-■17 402 397 5 17-•10 351
5 13- 16 349 349 5 17 -9 490
5 13-■15 289 329 5 17 -8 594
5 13-•14 167* 216 5 17 -7 448
c
J 13--13 49* 106 5 17 -6 0*
c
J 13-■12 781 791 5 17 -5 888
c
J 13--11 818 779 5 17 -4 988
5 13--10 1237 1185 j 17 -3 449
J 13 -9 564 652 5 17 -2 447
5 1 0 -8 453 448 5 17 -1 952
Ref lections flagged with an asterisk were
Fcalc H K L Fobs Fcalc H K t
1405 5 17 0 850 903 5 23--11
1062 5 17 1 118* 184 5 23-■10
1336 5 17 2 439 396 5 23 -9
1183 5 17 3 574 633 5 23 -8
375 5 17 4 477 524 5 23 -7
309 5 17 5 383 394 5 23 -6
1157 5 17 6 493 493 5 23 -5
1341 5 17 7 800 802 5 23 -4
1055 5 17 8 420 442 5 23 -3
1453 5 17 9 259 223 5 23 -2
402 5 17 10 372 310 5 23 -1
575 5 17 11 342 290 5 23 0
1201 5 17 12 410 394 5 23 1
817 5 19--16 327 331 5 23 2
780 5 19--15 179* 143 5 23 3
114 5 19--14 178* 209 5 23 4
205 5 19--13 209* 184 5 23 5
303 5 19--12 219 251 5 23 6
353 5 19--11 232 281 5 23 7
392 5 19--10 62* 74 5 23 8
281 5 19 -9 549 530 5 23 9
265 5 19 -8 287 367 5 25-■12
375 5 19 -7 210 211 5 25--11
531 5 19 -6 377 396 5 25-•10
232 5 19 -5 510 517 5 25 -9
108 5 19 -4 985 997 5 25 -B
673 5 19 -3 631 677 5 25 -7
882 5 19 -2 612 716 5 25 -6
1036 5 19 - I 974 1030 5 25 -5
546 5 19 0 514 509 5 25 -4
688 5 19 1 320 436 5 25 -3
828 5 19 2 235 191 5 25 -2
603 5 19 3 334 385 5 25 -1
905 5 19 4 549 509 5 25 0
630 5 19 5 0* 82 5 25 1
617 5 19 6 254 262 5 25 2
381 5 19 7 303 269 5 25 3
37B 5 19 8 194* 192 5 25 4
593 5 19 9 250 204 5 25 5
641 5 19 10 214* 137 5 25 6
8B5 5 19 11 326 332 5 25 7
568 5 21- 15 288 321 5 27- 10
803 5 21-•14 39* 154 5 27 -9
682 5 21- 13 328 294 5 27 -8
555 5 21-■12 267 250 5 27 -7
1062 5 21- 11 288 325 5 27 -6
899 5 21-•10 467 492 5 27 -5
651 5 21 -9 217 216 5 27 -4
113 5 21 -8 431 480 5 27 -3
232 5 21 -7 315 281 5 27 -2
505 5 21 -6 159* 192 5 27 -1
359 5 21 -5 425 410 5 27 0
276 5 21 -4 205 86 5 27 1
404 5 21 -3 632 691 5 27 2
288 5 21 -2 645 706 5 27 3
322 5 21 -1 161* 81 5 27 4
226 5 21 0 387 395 5 27 J
421 5 21 1 0 * 187 5 29 -7
802 5 21 2 259 261 5 29 -6
492 5 21 3 427 477 5 29 -5
444 5 21 4 248 228 5 29 -4
501 5 21 5 471 492 5 29 -3
646 5 21 6 361 353 5 29 -2
391 5 21 7 92* 243 5 29 -1
155 5 21 8 275 285 5 29 0
821 5 21 9 170* 149 5 29 1
931 5 21 10 309 329 5 29 2
469 5 nv 14 197 232 6 0-■20
423 j 23--13 240 neeIJJ 6 0--18
958 5 23- 12 481 477 6 0-■16
considered unobserved.
A17
Fobs Fcalc H K L
Page 7 
Fobs Fcalc
449 424 6 0-14 1050 1089
447 473 6 0-12 1231 1117
571 593 6 0-10 1944 1931
254 288 6 0 -8 2415 2320
546 548 6 0 -6 914 1284
222 271 6 0 0 877 910
0* 54 6 0 2 2322 2454
298 353 6 0 4 1977 1552
306 281 6 0 6 1270 1192
302 267 6 0 8 1178 1119
329 369 6 0 10 364 395
0* 38 6 0 12 651 593
232 256 6 0 14 651 560
541 531 6 2-20 0 * 144
316 286 6 2-19 749 742
608 596 6 2-18 89* 163
502 497 6 2-17 251 254
471 414 6 2-16 0* 217
485 479 6 2-15 924 879
250 247 6 2-14 346 309
184* 234 6 2-13 1253 1188
221 270 6 2-12 155* 195
340 406 6 2-11 1492 1392
266 305 6 2-10 625 434
448 451 6 2 -9 2103 1974
574 564 6 2 -8 0 * 208
315 246 6 2 -7 1240 901
462 487 6 2 -6 518 807
524 556 6 2 -5 1095 996
468 496 6 2 -3 3471 4116
416 457 6 2 -2 2174 1717
445 470 6 2 -1 992 965
495 486 6 2 0 465 568
531 572 6 2 1 1170 1036
467 467 6 2 2 29* 371
238 231 6 2 3 2078 2031
575 553 6 2 4 613 377
485 467 6 2 5 1527 1348
324 316 6 2 6 111* 169
434 409 6 2 7 1391 1151
260 258 6 2 8 383 333
227 270 6 2 9 1059 905
325 351 6 2 10 171* 184
346 363 6 2 11 325 241
245 224 6 2 12 201* 145
0 * 161 6 2 13 845 738
667 665 6 2 14 163* 149
643 619 6 4-20 489 484
290 278 6 4-19 152* 189
264 282 6 4-18 646 614
604 616 6 4-17 354 346
655 673 6 4-16 109* 58
182* 165 6 4-15 122* 181
190* 212 6 4-14 1144 1143
351 364 6 4-13 156* 200
351 355 6 4-12 733 694
282 276 6 4-11 118* 153
172* 198 6 4-10 2376 2105
0* 193 6 4 -9 291 454
162* 177 6 4 -8 154B 1691
367 368 6 4 -7 0* 416
305 308 6 4 -6 0* 148
323 309 6 4 -5 741 1129
324 378 6 4 -4 175 464
194* 172 6 4 -3 110* 2
55* 195 6 4 -1 753 1146
206 211 6 4 0 44* 224
596 568 6 4 1 0* 218
549 587 6 4 2 1532 1396
329 384 6 4 3 290 363
Values of 10*Fobs and 10»Fcalc Page 8
H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc
6 4 4 2432 2284 6 8 4 998 1000 6 12 7 102* 174 6 18--16 48* 14 6 22 0 251 274
6 4 5 26* 195 6 B 5 119* 200 6 12 8 360 378 6 18-•15 332 340 6 22 1 0* 154
6 4 b 793 675 6 8 6 812 835 6 12 9 0* 46 6 18-■14 0* 75 6 22 2 0* 16
6 4 7 45* 179 6 8 7 0* 106 6 12 10 701 659 6 18-•13 507 511 6 22 3 651 616
6 4 8 1302 1139 6 8 8 0* 99 6 12 11 81* 31 6 18--12 0* 21 6 22 4 154* 109
6 4 9 219 176 6 8 9 220 232 6 12 12 585 539 6 18- 11 339 306 6 22 5 588 533
6 4 10 0* 62 6 8 10 651 599 6 12 13 0* 12 6 18-•10 206 140 6 22 6 103* 35
& 4 11 356 332 6 8 11 283 290 6 14-•18 0* 44 6 18 -9 230 233 6 22 7 617 568
6 4 12 710 601 6 8 12 840 751 6 14--17 622 617 6 IB -8 277 270 6 22 8 23* 17
6 4 13 190* 182 6 8 13 0* 105 6 14-■16 0* 49 6 IB -7 646 722 6 22 9 383 429
6 4 14 473 475 6 a 14 295 304 6 14--15 254 251 6 18 -6 264 262 6 24-■13 0 * 24
& 6-•20 95* 51 6 10-•19 461 478 6 14-•14 0* 90 6 18 -5 1554 1586 6 24-■12 615 639
6 6-•19 558 536 6 10--18 0* 7 6 14--13 710 764 6 18 -4 140* 37 6 24-•11 0 * 52
6 6-•18 0* 139 6 10-•17 1007 1049 6 14-■12 177* 143 6 18 -3 96* 128 6 24-■10 538 561
6 6--17 276 268 6 10--16 135* 52 6 14--11 1134 1113 6 18 -2 51* 24 6 24 -9 81* 89
6 6-•16 0* 94 6 10-■15 677 677 6 14-•10 483 451 6 18 -1 1507 1588 6 24 -8 534 566
& 6-■15 0* 60 6 10--14 89* 73 6 14 -9 796 685 6 18 0 245 267 6 24 -7 74* 90
& 6-■14 236 141 6 10-•13 410 466 6 14 -8 648 623 6 18 1 621 702 6 24 -6 150* 222
& 6--13 281 298 » 6 10--12 0 * 0 6 14 -7 1141 1031 6 18 2 212 228 6 24 -5 0 * 46
6 6-■12 251 202 6 10-■11 1436 1374 6 14 -6 323 261 6 18 3 194 250 6 24 -4 758 766
6 6-■11 1055 960 6 10--10 217 225 6 14 -5 1617 1547 6 18 4 205 171 6 24 -3 87* 12
6 6-■10 595 646 6 10 -9 1215 1171 6 14 -4 0* 27 6 IB 5 319 297 6 24 -2 755 789
6 b -9 1273 1094 6 10 -8 1030 908 6 14 -3 301 411 6 18 6 86* 17 6 24 - I 65* 28
6 b -8 0* 172 6 10 -7 433 458 6 14 -2 95* 14 6 IB 7 549 506 6 24 0 216 223
6 b -7 1441 1298 6 10 -6 1629 1379 6 14 -1 1613 1569 6 18 a 213* 73 6 24 1 0* 88
6 b -6 175 108 6 10 -5 1512 1586 6 14 0 297 276 6 18 9 35B 322 6 24 2 575 574
6 b -5 232 45 6 10 -4 803 672 6 14 1 1127 1035 6 18 10 0* 8 6 24 3 249 93
6 b -4 393 327 6 10 -3 1441 1594 6 14 2 611 578 6 18 11 477 481 6 24 4 556 567
6 b -3 1367 1596 6 10 -2 832 738 6 14 3 758 708 6 20--16 410 465 6 24 5 97* 64
& b -2 402 350 6 10 -1 1577 1619 6 14 4 480 465 6 20-•15 0* 12 6 24 6 649 628
6 b -1 222 123 6 10 0 1614 1474 6 14 5 1117 1120 6 20-•14 316 333 6 24 7 0 * 2
6 b 0 170 99 6 10 1 409 433 6 14 6 0* 120 6 20-•13 0* 24 6 26- 12 0* 35
& b 1 1486 1254 6 10 2 998 815 6 14 7 727 771 6 20--12 295 338 6 26-■11 383 384
6 b 2 0* 252 6 10 3 1205 1096 6 14 8 102* 61 6 20-•11 104* 113 6 26-•10 133* 101
6 b 3 1296 1108 6 10 4 200 204 6 14 9 265 260 6 20--10 290 330 6 26 -9 548 541
6 b 4 604 686 6 10 5 1409 1346 6 14 10 84* 43 6 20 -9 149* 30 6 26 -8 0* 149
6 b 5 1086 1023 6 10 6 0* 4 6 14 11 668 606 6 20 -8 249 245 6 26 -7 308 319
6 b 6 258 242 6 10 7 458 474 6 14 12 0* 19 6 20 -7 340 351 6 26 -6 158* 109
6 b 7 331 323 6 10 8 0* 73 6 16--18 399 469 6 20 -6 955 928 6 26 -5 765 763
6 b 8 207 131 6 10 9 720 677 6 16- 17 18* 6 6 20 -5 266 316 6 26 -4 0* 22
6 b 9 115* 42 6 10 10 79* 51 6 16--16 605 592 6 20 -4 965 1056 6 26 -3 763 771
6 b 10 0* 100 6 10 11 1139 1016 6 16-■15 0* 12 6 20 -3 33* 11 6 26 -2 91* 18
6 b 11 249 266 6 10 12 70* 14 6 16--14 359 420 6 20 -2 954 960 6 26 -1 720 756
6 b 12 38* 148 6 10 13 468 473 6 16-•13 0* 138 6 20 -1 295 328 6 26 0 204* 113
& b 13 540 520 6 12--19 73* 1 6 16--12 1159 1172 6 20 0 910 956 6 26 1 342 321
6 b 14 145* 49 6 12-■18 546 548 6 16-■11 233 201 6 20 1 327 339 6 26 2 195* 138
& 8-•20 298 305 6 12--17 0* 46 6 16--10 311 280 6 20 2 177* 231 6 26 3 564 546
6 8-•19 0* 123 6 12-•16 687 682 6 16 -9 101* 33 6 20 3 62* 81 6 26 4 89 * 117
6 8-■18 774 769 6 12--15 0* 57 6 16 -8 673 668 6 20 4 346 342 6 26 5 361 387
6 8-•17 256 275 6 12-■14 361 335 6 16 -7 39* 90 6 20 5 0* 105 6 26 6 0 * 56
6 8--16 587 597 6 12--13 129* 179 6 16 -6 1380 1285 6 20 6 296 321 6 28 -9 0 * 87
6 8-■15 224 212 6 12-•12 809 761 6 16 -5 107* 136 6 20 7 0* 27 6 28 -8 290 316
6 8-•14 149* 100 6 12--11 204 200 6 16 -4 265 229 6 20 8 349 314 6 28 -7 68* 116
& 8-•13 106* 152 6 12-■10 1552 1563 6 16 -3 57* 21 6 20 9 147* 8 6 28 -6 333 361
6 8--12 785 832 6 12 -9 485 424 6 16 -2 251 231 6 20 10 459 469 6 28 -5 0* 96
6 8-•11 157* 186 6 12 -8 550 616 6 16 -1 125* 160 6 22-•15 299 428 6 28 -4 535 520
b 8-■10 994 1092 6 12 -7 414 423 6 16 0 1367 1276 6 22--14 0* 40 6 28 -3 140* 2
b 8 -9 437 338 6 12 -6 2065 1814 6 16 1 120* 110 6 22-■13 579 592 6 28 -2 560 521
b 8 -8 1458 1195 6 12 “J 217 203 6 16 2 665 686 6 22--12 134* 33 6 28 -1 0* 104
b 8 -7 492 448 6 12 -4 2464 ■2076 6 16 3 133* 36 6 22-■11 538 533 6 28 0 307 362
b 8 -6 973 734 6 12 -3 34* 28 6 16 4 317 287 6 22--10 0* 100 6 28 1 50* 111
b 8 -5 568 409 6 12 -2 2567 2331 6 16 5 199 235 6 22 -9 652 634 6 28 2 252 319
b 8 -4 1559 1531 6 12 - I 199 136 6 16 6 1172 1159 6 22 -8 92* 4 6 28 3 26* 87
b 8 -3 0* 38 6 12 0 2073 1782 6 16 7 179* 140 6 22 -7 211* 124 6 30 -4 0* 138
b 8 -2 1590 1316 6 12 1 425 428 6 16 8 427 404 6 22 -6 229 289 6 30 -3 449 531
b 8 -1 601 466 6 12 2 537 518 6 16 9 0* 7 6 22 -5 532 534 6 30 -2 178* 129
b 8 0 977 760 6 12 3 488 413 6 16 10 662 591 6 22 -4 329 336 7 1--21 423 402
b 8 1 515 574 6 12 4 1540 1515 6 16 11 0* 1 6 22 -3 640 742 7 1-■20 408 401
b 8 2 1490 1323 6 12 J 168* 178 6 16 12 449 466 6 22 -2 327 350 7 1--19 307 307
b 8 3 473 36! 6 12 6 822 810 6 18-■17 392 473 6 22 -1 522 552 7 1-■18 303 334
Ref lect ions flagged with an asterisk were considered unobserved.
A18
Values of 10*Fobs and 10*Fcalc Page 9
H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc K K L Fobs Fcalc
7 1 -17 797 760 5-18 407 411 9-17 587 618 7 13 -14 257 257 7 17 -5 715 687
7 1-•16 682 772 5-17 298 304 9-16 559 562 7 13- 13 682 657 7 17 -4 262 354
7 1 -15 869 933 5-16 296 299 9-15 191 174 7 13--12 429 367 7 17 -3 294 294
7 1-■14 195 206 5-15 909 888 9-14 214 215 7 13- 11 1187 1137 7 17 -2 695 670
7 1 -13 185 267 5-14 597 633 9-13 830 856 7 13-•10 1220 1173 7 17 -1 906 941
7 1-■12 606 495 5-13 481 483 9-12 764 759 7 13 -9 847 864 7 17 0 638 652
7 1-11 1129 1003 5-12 834 776 9-11 625 622 7 13 -8 549 472 7 17 1 542 522
7 1-■10 864 707 5-11 1413 1377 9-10 159* 36 7 13 -7 424 456 7 17 2 0 * 76
7 1 - ? 1955 1706 5-10 784 692 9 -9 599 609 7 13 -6 1568 1415 7 17 3 0 * 54
7 1 -8 1369 1343 5 -9 102* 70 9 -8 1728 1529 7 13 -5 1786 1623 7 17 4 510 526
7 1 -7 1299 1144 5 -8 474 277 9 -7 257 62 7 13 -4 795 723 7 17 5 737 715
7 1 -6 21B 118 5 -7 1426 1508 9 -6 911 862 7 13 -3 802 681 7 17 6 764 721
7 1 -5 0* 1332 5 -6 850 633 9 -5 244 257 7 13 -2 1814 1573 7 17 7 386 374
7 1 -4 4419 4683 5 -5 363 371 9 -4 1698 1676 7 13 -1 1591 1343 7 17 8 214* 210
7 1 -3 4319 3920 5 -4 989 1036 9 -3 1693 1797 7 13 0 441 496 7 17 9 378 318
7 1 -2 128 36 5 -3 983 1318 9 -2 317 112 7 13 1 542 491 7 17 10 332 322
7 1 -1 181 78 5 -2 356 145 9 -1 933 997 7 13 2 820 816 7 17 11 332 310
7 1 0 1217 1488 5 -1 878 668 9 0 259 91 7 13 3 1217 1195 7 19- 17 223 266
7 1 1 1310 1120 „ 5 0 1472 1408 9 1 1746 1349 7 13 4 1187 1151 7 19- 16 91* 151
7 1
I
2 1899 1715 5 1 505 508 9 2 585 646 7 13 5 448 432 7 19- 15 146* 172
7 3 903 955 5 2 0* 95 9 3 0* 51 7 13 6 697 656 7 19--14 238 195
7 1 4 1154 1197 5 3 775 549 9 4 629 629 7 13 7 256 224 7 19- 13 364 352
7 1 5 596 491 5 4 1470 1329 9 5 778 696 7 13 8 310 268 7 19--12 322 308
7 1 6 261 261 5 5 888 734 9 6 866 873 7 13 9 289 283 7 19- 11 300 327
7 1 7 155* 182 5 6 537 457 9 7 254 214 7 13 10 474 425 7 19--10 507 459
7 1 8 972 900 5 7 654 637 9 8 225 164 7 13 11 374 367 7 19 -9 0 * 51
7 1 9 781 782 5 8 1043 887 9 9 617 545 7 13 12 251 280 7 19 -8 83* 35
7 I 10 907 752 5 9 360 295 9 10 650 601 7 15- 18 371 342 7 19 -7 497 493
7 1 U 378 318 5 10 310 305 9 11 766 688 7 15 -17 485 448 7 19 -6 841 814
7 1 12 401 301 5 11 459 386 9 12 384 304 7 15- 16 274 318 7 19 -5 1029 1102
7 1 13 498 400 5 12 577 515 9 13 238 286 • 7 15 -15 78* 247 7 19 -4 510 473
7 1 14 453 411 5 13 43B 374 11-20 184 250 7 15--14 487 503 7 19 -3 499 499
7 3 -21 190 242 5 14 173 110 11-19 389 367 7 15 -13 734 703 7 19 -2 1033 1103
7 3-■20 409 399 7-20 82* 172 11-18 533 516 7 15- 12 1053 1104 7 19 -1 828 813
7 3 -19 696 654 7-19 533 505 11-17 651 667 7 15 -11 593 593 7 19 0 486 507
7 3--18 344 369 7-18 305 295 11-16 450 483 7 15- 10 422 428 7 19 1 0 * 38
7 3 -17 0* 79 7-17 292 338 11-15 313 319 7 15 -9 658 732 7 19 2 169* 62
7 3-■16 636 657 7-16 0* 62 11-14 410 411 7 15 -8 429 448 7 19 3 497 463
7 3 -15 761 693 7-15 0* 29 11-13 275 336 7 15 -7 970 968 7 19 4 320 336
7 3-■14 954 1005 7-14 622 593 11-12 782 801 7 15 -6 1042 932 7 19 5 319 290
7 3 -13 459 439 7-13 675 716 11-11 600 634 7 15 -5 269 415 7 19 6 339 333
7 3- 12 402 397 7-12 759 674 11-10 1297 1199 7 15 -4 376 467 7 19 7 182* 212
7 3 -11 1760 1637 7-11 289 228 11 -9 1015 947 7 15 -3 372 471 7 19 8 0 * 162
7 3-■10 2116 2001 7-10 115* 62 11 -8 0* 205 7 15 -2 320 347 7 19 9 0* 167
7 3 -9 627 751 7 -9 577 606 11 -7 313 378 7 15 -1 1004 923 7 19 10 243 270
7 3 -8 459 450 7 -8 1360 1099 11 -6 676 644 7 15 0 963 943 7 21--16 244 295
7 3 -7 1092 1206 7 -7 2018 2112 11 -5 1816 1817 7 15 1 369 375 7 21--15 139* 173
7 3 -6 159 375 7 -6 137* B8 11 -4 807 707 7 15 2 634 658 7 21- 14 264 255
7 3 -5 1418 1040 7 -5 1217 985 11 -3 828 626 7 15 3 405 449 7 21 -13 279 285
7 3 -4 0* 36 7 -4 904 649 11 -2 1883 1677 7 15 4 587 653 7 21- 12 370 322
7 3 -2 1341 1981 7 -3 907 582 11 -1 717 610 7 15 5 1060 1091 7 21--11 341 330
7 3 -1 146 270 7 -2 1227 960 11 0 319 443 7 15 6 759 708 7 21--10 571 575
7 3 0 1022 1157 7 -1 113* 25 11 1 0* 69 7 15 7 527 513 7 21 -9 649 722
7 3 1 432 592 7 0 2054 1877 11 2 1012 1021 7 15 8 198* 222 7 21 -8 23 * 174
7 3 2 614 810 7 1 1456 1033 11 3 1304 1205 7 15 9 360 323 7 21 -7 313 265
7 3 3 2105 1771 7 2 599 628 11 4 613 625 7 15 10 537 454 7 21 -6 666 635
7 3 4 1779 1518 7 3 37* 25 11 5 782 754 7 15 11 374 342 7 21 ■5 614 662
7 3 5 413 403 7 4 304 306 11 6 301 294 7 17- 18 265 302 7 21 -4 403 412
7 3 6 474 418 7 5 783 674 11 7 396 391 7 17--17 291 317 7 21 -3 397 406
7 3 7 1045 925 7 6 750 743 11 8 342 309 7 17- 16 338 323 7 21 -2 639 630
7 3 8 857 700 7 7 668 635 11 9 510 478 7 17- 15 267 194 7 21 -1 648 606
7 3 9 734 632 7 8 0* 21 11 10 708 657 7 17- 14 412 396 7 21 0 264 265
7 3 10 91* 94 7 9 62* 75 11 11 554 520 7 17- 13 743 723 7 21 1 18* 153
7 3 11 378 364 7 10 336 312 11 12 402 379 7 17- 12 756 719 7 21 2 665 735
7 3 12 811 648 7 11 337 285 11 13 199 253 7 17- 11 523 552 7 21 3 540 555
7 3 13 472 401 7 12 521 484 13-19 262 272 7 17- 10 0* 49 7 21 4 358 324
7 14 218 235 7 13 136* 171 13-18 356 365 7 17 -9 0* 62 7 21 5 348 326
7 J" 21 101* 121 9-20 293 275 13-17 422 422 7 17 -8 523 574 7 21 6 296 289
7 J*-20 394 378 1/ 9-19 365 305 13-16 277 285 7 17 -7 663 642 7 21 7 340 236
/ 5“ 1? 556 523 7 9-18 690 710 13-15 271 256 7 17 -6 915 924 7 21 8 137* 198
R e f l e c t i o n s  f l a t q e d  w i t h an a s t e r i s i w e r e c o n s i d e r e d u n o b s e r v e d .
A19
Values of 10*Fobs and 10*Fcalc Page 10
H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc
7 21 9 289 292 8 0 -18 823 826 8 4 0 1960 1700 8 8 0 1114 1235 8 12 3 229 259
7 23--14 215 235 8 0-•16 854 802 8 4 1 800 482 8 8 1 433 485 8 12 4 1043 993
7 23--13 436 460 8 0 -14 164* 158 8 4 2 324 426 8 8 2 258 244 8 12 5 196 134
7 23--12 364 320 8 0--12 1409 1392 8 4 3 312 330 8 8 3 243 138 8 12 6 622 612
7 23--11 392 373 8 0--10 0* 60 8 4 4 1916 1596 8 B 4 887 846 8 12 7 0* 114
7 23-■10 717 698 8 0 -8 983 1223 8 4 5 140* 103 8 8 5 0* 22 8 12 8 386 345
7 23 -9 602 643 8 0 -2 1430 1818 8 4 6 1063 937 8 8 6 879 863 8 12 9 100* 99
7 23 -8 453 462 8 0 0 950 1134 8 4 7 347 319 8 8 7 0* 118 8 12 10 662 600
7 23 -7 0* 115 8 0 2 0* 116 8 4 8 1221 1139 8 8 8 239 214 8 12 11 0 * 34
7 23 -6 0* 61 8 0 4 1444 1237 8 4 9 0* 46 8 8 9 155* 85 8 12 12 351 372
7 23 -5 406 423 8 0 6 157* 223 8 4 10 150* 170 8 8 10 643 603 8 14-■19 336 361
7 23 -4 488 482 8 0 8 937 805 8 4 11 0* 35 8 8 11 0* 85 8 14- IB 0 * 45
7 23 -3 482 488 8 0 10 948 804 8 4 12 725 578 8 8 12 428 428 8 14-■17 538 492
7 23 -2 366 384 8 0 12 655 567 8 4 13 66* 55 8 8 13 0* 51 8 14- 16 0 * 69
7 23 -1 0* 60 8 2--21 406 383 8 6--21 318 329 8 10--20 0 * 41 8 14-■15 322 289
7 23 0 0» 115 B 2--20 173* 183 8 6-■20 0* 24 8 10-•19 735 733 B 14- 14 110* 95
7 23 1 461 464 8 2--19 754 749 8 6--19 487 419 8 10--18 0* 96 8 14-■13 1277 1336
7 23 2 598 634 8 2-■18 269 322 8 6--18 0* 99 8 10-■17 618 663 8 14-•12 29* 180
7 23 3 713 702 * 8 2--17 759 742 a 6--17 0* 45 8 10--16 223 153 8 14-■11 1254 1259
7 23 4 396 364 8 2--16 464 500 8 6--16 0 * 187 8 10-•15 502 507 8 14-•10 329 293
7 23 5 400 310 8 2--15 978 1083 8 6--15 880 935 8 10--14 0* 71 8 14 -9 1435 1349
7 23 6 462 445 8 2-■14 26* 149 8 6-■14 238 236 8 10- 13 864 898 8 14 -8 581 556
7 23 7 276 270 8 2--13 683 703 8 6--13 1104 1109 8 10-•12 261 253 8 14 -7 1268 1091
7 25-■13 194 254 8 2-■12 0* 44 8 6-•12 432 362 8 10- 11 748 782 8 14 -6 0 * 5
7 25--12 294 311 8 2--11 1855 1688 8 6--11 821 830 8 10-■to 199 255 8 14 -5 828 787
7 25-•11 245 244 8 2-•10 387 259 8 6-•10 80* 282 8 10 -9 550 637 8 14 -4 40* 17
7 25--10 430 418 8 2 -9 0* 148 8 6 -9 467 477 8 10 -8 0* 64 8 14 -3 863 825
7 25 -9 699 676 8 2 -8 479 547 8 6 -8 473 352 8 10 -7 809 686 8 14 -2 0 * 21
7 25 -8 437 431 8 2 -7 931 1300 8 6 -7 1859 1644 8 10 -6 0* 28 8 14 -1 1259 1162
7 25 -7 350 348 8 2 -6 513 129 6 6 -6 216 453 8 10 -5 898 831 8 14 0 565 597
7 25 -6 313 228 8 2 -5 3010 3030 8 6 ~5 1770 1601 8 10 -4 26* 35 8 14 1 1420 1332
7 25 -5 417 439 8 2 -4 0* 377 8 6 -4 0 * 121 8 10 -3 889 788 8 14 2 291 315
7 25 -4 647 652 8 2 -3 2939 2997 8 6 -3 1778 1633 8 10 -2 51* 157 8 14 3 1205 1235
7 25 -3 641 637 8 2 -2 467 553 8 6 -2 242 495 8 10 -1 808 719 8 14 4 209 182
7 25 -2 442 442 8 2 -1 885 1193 8 6 -1 1900 1669 8 10 0 0* 157 8 14 5 1290 1274
7 25 -1 216* 214 8 2 0 452 727 8 6 0 473 359 8 10 1 566 530 8 14 6 66* 71
7 25 0 355 354 8 2 I 0* 157 8 6 1 502 490 8 10 2 219 267 8 14 7 359 293
7 25 1 408 434 8 2 2 348 485 8 6 2 59* 351 8 10 3 765 765 8 14 8 0 * 76
7 25 2 701 666 8 2 3 1850 1635 8 6 3 946 841 8 10 4 303 207 8 14 9 553 498
7 25 3 389 398 8 2 4 63* 33 8 6 4 502 430 8 10 5 879 909 8 14 10 129* 53
7 25 4 223* 229 8 2 5 705 642 8 6 5 1173 1095 8 10 6 104* 68 8 14 11 377 362
7 25 5 265 307 8 2 6 0* 87 8 6 6 239 235 8 10 7 526 518 8 16-■18 529 566
7 25 6 211 282 8 2 7 1073 1108 8 6 7 996 905 8 10 8 0* 137 8 16--17 101* 20
7 27-■11 153* 271 8 2 8 539 517 8 6 8 234 172 8 10 9 682 654 8 16--16 280 304
7 27-•10 199* 199 8 2 9 846 733 8 6 9 51* 68 8 10 10 47* 86 8 16--15 169* 66
7 27 -9 253 278 8 2 10 363 336 8 6 10 0* 76 8 10 11 804 721 8 16-■14 887 861
7 27 -8 408 418 8 2 11 883 722 8 6 11 490 408 8 10 12 0* 7 8 16--13 172* n o
7 27 -7 395 332 8 2 12 209* 182 8 6 12 0 * 29 8 12-■20 313 376 8 16--12 1025 1093
7 27 -6 408 406 8 2 13 466 388 8 6 13 278 310 8 12--19 0* 19 8 16--11 294 373
7 27 -5 327 353 8 4-■21 0* 57 8 8-•21 0* 64 8 12-•18 597 596 8 16--10 1114 1083
7 27 -4 472 491 8 4--20 627 589 8 8--20 449 446 8 12--17 0* 97 8 16 -9 240 186
7 27 -3 466 479 8 4-■19 110* 28 8 8-•19 0* 99 8 12- 16 348 366 8 16 -8 632 597
7 27 -2 327 343 8 4-■18 69* 186 8 8-■18 584 608 8 12--15 171* 103 8 16 -7 202 184
7 27 -1 383 406 8 4-•17 0* 19 8 8-•17 156* 84 8 12-•14 586 576 8 16 -6 703 730
7 27 0 336 343 8 4--16 1047 1137 8 8-•16 248 171 8 12--13 205 164 8 16 -5 118* 59
7 27 1 3BB 420 8 4-■15 283 297 8 8-•15 80* 135 8 12-•12 1046 1026 8 16 -4 625 591
7 27 i. 287 263 8 4--14 989 944 8 8--14 870 949 8 12--11 234 270 8 16 -3 60* 126
7 27 3 179* 1B9 8 4-■13 175* 49 8 8-•13 49* 18 8 12-•10 1438 1265 6 16 -2 702 731
7 27 4 212 264 8 4-■12 1864 1556 8 8--12 857 840 8 12 -9 59* 121 8 16 -1 151* 144
7 29 -8 153* 220 8 4- 11 302 364 8 8-■11 215 223 8 12 -8 1078 1102 8 16 0 620 612
7 29 -7 271 337 8 4-•10 306 254 8 8--10 293 326 8 12 -7 371 367 8 16 1 184* 123
7 29 -6 248 236 8 4 -9 B44 514 8 8 -9 442 479 8 12 -6 1910 1664 8 16 2 1050 1074
7 29 -5 299 300 8 4 -8 1824 1884 8 8 -8 1107 858 8 12 -5 508 392 8 16 3 300 376
7 29 -4 303 259 8 4 -7 198 287 8 8 -7 472 268 8 12 -4 126* 51 8 16 4 1035 1072
7 29 -3 283 262 8 4 -6 741 1267 8 8 -6 949 1111 8 12 -3 548 415 8 16 5 168* 90
7 29 -2 292 295 8 4 -5 405 353 8 B -5 0* 90 8 12 -2 2009 1853 8 16 6 901 B44
7 29 -1 63* 224 8 4 -4 2657 2962 8 8 -4 1873 1911 8 12 -1 365 402 8 16 7 0* 56
7 29 0 280 337 8 4 -3 376 460 8 8 -3 0* 14 8 12 0 1094 957 8 16 8 368 316
7 29 1 168* 226 8 4 -2 714 697 8 8 -2 987 913 8 12 1 0* 119 8 16 9 0* 33
c 0- 20 590 576 8 4 -1* 172 333 B 8 -1 465 253 8 12 2 1441 1276 8 16 10 577 568
Ref lect ions flagged Kith an asterisk were considered unobserved.
A20
Values of 10*Fobs and 10*Fcalc Page 11
H K L Fobs Fcalc H K L Fobs Fcalc H K L
8 18-•18 0* 16 8 22 -1 71* 122 9 1 -10
8 18- 17 303 379 8 22 0 284 293 9 1 -9
8 18--16 0* 34 8 22 1 814 851 9 1 -8
8 1 fi­ IS 321 268 8 22 2 251 166 9 1 -7
8 le-•14 0* 46 8 22 3 576 569 9 1 -6
B 18- 13 425 419 8 22 4 141* 63 9 1 -5
8 18--12 0* 47 8 22 5 581 557 9 1 -4
8 18- 11 764 829 8 22 6 102* 44 9 1 -3
8 18--10 123* 93 8 22 7 260 285 9 1 -2
8 18 -9 527 540 8 24- 14 399 476 9 1 -1
8 18 -8 0* 70 8 24--13 0* 15 9 1 0
8 18 -7 507 530 8 24- 12 462 449 9 1 1
8 18 -6 171* 149 8 24--11 116* 25 9 1 2
B 18 -5 1022 1074 8 24- 10 922 889 9 1 3
8 18 -4 89* 18 8 24 -9 233* 148 9 1 4
8 18 -3 1035 1046 8 24 -8 566 522 9 1 5
8 18 -2 158* 118 8 24 -7 267 242 9 1 6
8 18 -1 495 483 * 8 24 -6 313 348 9 1 7
8 18 0 67* 66 8 24 -5 239 299 9 1 8
8 IB 1 509 560 8 24 -4 717 662 9 1 9
8 18 2 165* 111 8 24 -3 59* 265 9 1 10
8 18 3 780 825 8 24 -2 395 356 9 1 11
8 IB 4 0* 42 8 24 -1 306 265 9 1 12
8 18 5 4 0B 404 8 24 0 568 511 9 1 13
8 18 6 81* 22 8 24 1 68* 169 9 3 -21
8 18 7 349 290 8 24 2 903 B74 9 3- 20
8 18 8 0* 21 8 24 3 0* 35 9 3 -19
8 18 9 362 383 8 24 4 459 441 9 3- 18
8 18 10 141* 14 8 24 5 0* 5 9 3 -17
B 20- 17 77* 37 8 24 6 410 493 9 3- 16
8 20--16 255 285 8 26--12 107* 11 9 3 -15
8 20- 15 59* IB 8 26- 11 349 426 9 3- 14
8 20--14 231* 235 8 26--10 72* 26 9 3 -13
8 20- 13 0* 42 8 26 -9 622 613 9 3- 12
8 20--12 215* 233 8 26 -8 86* 65 9 3 -11
8 20- 11 311 336 B 26 -7 644 636 9 3- 10
8 20--10 953 1002 8 26 -6 0* 41 9 3 -9
B 20 -9 440 430 8 26 -5 669 672 9 3 -8
8 20 -8 178* 26 8 26 -4 87* 5 9 3 -7
8 20 -7 146* 188 8 26 -3 683 661 9 3 -6
8 20 -6 845 877 8 26 -2 85* 72 9 3 -5
8 20 -5 31* 42 8 26 -1 648 639 9 3 -4
8 20 -4 737 747 8 26 0 104* 76 9 3 -3
8 20 -3 0* 40 8 26 1 616 604 9 3 -2
8 20 -2 836 838 8 26 2 0* 31 9 3 -1
8 20 -1 153* 163 8 26 3 415 41B 9 3 0
8 20 0 130* 42 8 26 4 0* 11 9 3 1
8 20 1 358 403 8 28 -9 101* 22 9 3 2
8 20 2 944 993 8 28 -8 371 424 9 3 3
8 20 3 258 326 8 28 -7 0* 91 9 3 4
8 20 4 244 219 8 26 -6 491 496 9 3 5
8 20 5 132* 56 8 28 -5 171* 142 9 3 6
8 20 6 227* 245 8 28 -4 433 407 9 3 7
8 20 7 0* 22 8 28 -3 168* 137 9 3 8
8 20 8 297 303 8 28 -2 473 491 9 3 9
8 20 9 73* 35 8 28 -1 136* 93 9 3 10
8 22- 15 239 267 8 28 0 374 437 9 3 11
8 22- 14 114# 19 8 28 1 0# 30 9 3 12
8 22- 13 544 562 9 1- 22 198 186 9 J" 21
8 22- 12 144* 67 9 1- 21 307 290 9 5- 20
8 22- 11 581 585 9 1- 20 617 590 9 5- 19
8 22- 10 177* 165 9 1- 19 505 492 9 5- 18
8 22 -9 855 864 9 1- 18 417 351 9 5- 17
8 22 -8 270 292 9 1- 17 294 299 9 J' 16
a 22 -7 68* 144 9 1- 16 837 794 9 5' 15
8 22 -6 42* 177 9 1- 15 708 740 9 j - 14
8 22 - j 454 460 9 1- 14 659 648 9 5* 13
8 22 -4 102* 14 9 1- 13 912 868 9 _j 12
8 22 -3 437 457 9 1- 12 1343 1309 9 5* 11
8 n'tLL -2 146* 157 9 1- 11 341 188 9 c_J 10
Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc
368 353 9 5 -9 1117 743 9 9 -7 1995 1821
860 763 9 5 -8 0* 55 9 9 -6 64* 220
1453 1503 9 5 -7 1372 1117 9 9 -5 152B 1398
1085 1073 9 5 -6 656 7B8 9 9 -4 1522 1507
1833 2143 9 5 -5 673 681 9 9 -3 0 * 152
3068 3090 9 5 -4 683 734 9 9 -2 2049 1958
3093 3204 9 5 -3 626 737 9 9 -1 491 449
1815 1597 9 5 -2 1338 1186 9 9 0 442 363
1061 640 9 5 -1 34* 211 9 9 I 298 283
1386 1469 9 5 0 1170 828 9 9 2 30B 319
815 790 9 5 1 633 598 9 9 3 926 848
385 451 9 5 2 240 176 9 9 4 701 651
316 159 9 5 3 1315 1289 9 9 5 591 575
1369 1357 9 5 4 766 732 9 9 6 259 269
913 913 9 5 5 515 450 9 9 7 473 487
66B 623 9 5 6 230 173 9 9 8 691 627
743 727 9 5 7 509 501 9 9 9 483 450
907 777 9 5 8 363 258 9 9 10 625 531
353 285 9 5 9 0* 76 9 9 11 432 362
465 340 9 5 10 432 305 9 9 12 223 254
585 488 9 5 11 362 278 9 11--20 308 379
684 576 9 5 12 375 344 9 11-•19 487 536
371 297 9 7--21 205 249 9 11--18 414 400
236 190 9 7-■20 360 328 9 11-•17 314 284
378 371 9 7--19 228 192 9 11--16 603 618
492 492 9 7--18 486 498 9 11-•15 572 572
430 417 9 7--17 0* 230 9 11--14 181* 183
254 156 9 7--16 92* 76 9 11--13 957 1011
477 527 9 7--15 325 374 9 11--12 995 1019
583 620 9 7-■14 260 348 9 11--11 858 779
482 626 9 7--13 541 530 9 11--10 222 217
64B 670 9 7-•12 413 429 9 1! -9 163* 93
1074 1031 9 7--11 825 698 9 11 -8 956 832
1311 1161 9 7-■10 665 690 9 11 -7 839 889
1528 1377 9 7 -9 240 311 9 11 -6 2113 2050
65* 36 9 7 -B 1482 1482 9 11 -5 1017 981
615 502 9 7 -7 496 524 9 11 -4 1018 973
1709 1998 9 7 -6 1970 2108 9 11 -3 2140 1943
713 847 9 7 -5 591 490 9 11 -2 907 770
783 854 9 7 -4 597 459 9 11 -1 997 916
857 887 9 7 -3 1989 2019 9 11 0 102* 201
872 842 9 7 -2 505 624 9 11 1 279 210
775 1194 9 7 -1 1524 1360 9 11 2 869 735
655 558 9 7 0 243 141 9 11 3 984 1031
1667 1995 9 7 1 700 675 9 11 4 1001 978
562 460 9 7 2 B7B 724 9 11 5 171* 178
114* 136 9 7 3 441 402 9 11 6 576 560
1484 1314 9 7 4 574 475 9 11 7 620 623
1327 1158 9 7 5 281 331 9 11 8 305 285
1101 1038 9 7 6 364 387 9 11 9 462 406
670 772 9 7 7 0* 56 9 11 10 567 526
542 603 9 7 8 249 236 9 11 11 346 366
624 634 9 7 9 559 507 9 13--20 237 271
547 520 9 7 10 278 183 9 13--19 212* 261
179* 164 9 7 11 391 316 9 13'-18 359 347
455 388 9 7 12 204* 247 9 13--17 262 250
543 485 9 9-■21 219 271 9 13--16 0 * 74
413 371 9 9- 20 373 365 9 13--15 309 368
306 364 9 9-■19 563 531 9 13--14 846 896
341 278 9 9-■18 445 460 9 13-•13 405 436
318 311 9 9--17 644 638 9 13--12 1072 1017
54* 86 9 9-■16 435 470 9 13--11 910 888
262 252 9 9--15 266 280 9 13--10 425 463
483 475 9 9-•14 560 564 9 13 -9 683 601
194 144 9 9--13 677 654 9 13 -8 614 540
496 482 9 9-■12 890 897 9 13 -7 883 817
762 749 9 9--11 259 274 9 13 -6 1043 1083
1312 1340 9 9-■10 313 266 9 13 -5 1231 1321
245 167 9 9 -9 446 451 9 13 -4 1241 1271
617 649 9 9 -8 513 541 9 13 -3 1049 997
Ref lect ions f iaaaed wi th an asterisk were considered unobserved.
A21
Values of 10*Fobs and 10*Fcalc Page 12
H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc
-  -  - --- ---- ---- - -  -  - --- -------- -  -  - --- -------- - -  - --- -- -- ---- - -  -
9 13 -2 889 781 9 17 8 320 277 9 23 3 407 391 10 2-12 379 327 10 6-12 372 471
9 13 -1 619 597 9 17 9 363 360 9 23 4 408 392 10 2-11 1968 1678 10 6-11 693 713
9 13 0 688 657 9 19-17 251 192 9 23 5 452 443 10 2-10 827 876 10 6-10 227 26
9 13 1 436 474 9 19-16 124* 205 9 23 6 303 296 10 2 -9 2436 2365 10 6 -9 1167 1225
9 13 2 894 824 9 19-15 357 289 9 25-13 236 244 10 2 -8 254 372 10 6 -8 610 619
9 13 3 1048 1056 9 19-14 316 256 9 25-12 343 334 10 2 -7 489 334 10 6 -7 1893 1783
9 13 4 414 443 9 19-13 0* 110 9 25-11 427 448 10 2 -6 414 524 10 6 -6 1232 929
9 13 5 845 869 9 19-12 170* 228 9 25-10 473 474 10 2 -5 1608 1445 10 6 -5 285 69
9 13 6 0* 387 9 19-11 687 732 9 25 -9 317 278 10 2 -4 405 210 10 6 -4 1241 1042
9 13 7 83* 65 9 19-10 486 481 9 25 -8 304 290 10 2 -3 473 389 10 6 -3 1864 1819
9 13 8 239 243 9 19 -9 287 311 9 25 -7 424 412 10 2 -2 269 152 10 6 -2 609 552
9 13 9 409 343 9 19 -8 314 293 9 25 -6 584 595 10 2 -1 2353 2331 10 6 -1 1200 1172
9 13 10 286 267 9 19 -7 481 503 9 25 -5 410 367 10 2 0 806 836 10 6 0 193 111
9 13 11 269 253 9 19 -6 749 752 9 25 -4 379 363 10 2 1 1876 1694 10 6 1 748 569
9 15-19 302 332 9 19 -5 735 784 9 25 -3 599 593 10 2 2 368 320 10 6 2 375 404
9 15-18 414 404 9 19 -4 753 803 9 25 -2 448 444 10 2 3 1370 1329 10 6 3 1166 1113
9 15-17 240 249 9 19 -3 733 796 9 25 -1 308 283 10 2 4 147* 118 10 6 4 0 * 78
9 15-16 253 211 9 19 -2 477 506 9 25 0 309 250 10 2 5 596 592 10 6 5 597 577
9 15-15 366 378 - 9 19 -1 314 336 9 25 1 500 474 10 2 6 130* 154 10 6 6 90* 93
9 15-14 803 758 9 19 0 343 323 9 25 2 444 449 10 2 7 B29 800 10 6 7 0* 27
9 15-13 1009 974 9 19 1 464 488 9 25 3 325 339 10 2 8 279 219 10 6 8 0* 164
9 15-12 271 221 9 19 2 704 692 9 25 4 180* 248 10 2 9 578 484 10 6 9 324 206
9 15-11 566 518 9 19 3 75* 213 9 27-11 271 324 10 2 10 0* 23 10 6 10 114* 15
9 15-10 1230 1216 9 19 4 94* 161 9 27-10 279 302 10 2 11 805 668 10 6 11 481 443
9 15 -9 520 447 9 19 5 326 240 9 27 -9 184* 205 10 2 12 0* 50 10 6 12 0 * 1
9 15 -8 233 286 9 19 6 377 295 9 27 -8 250 272 10 4-22 361 434 10 8-21 0 * 50
9 15 -7 468 423 9 19 7 141* 202 9 27 -7 505 502 10 4-21 0* 127 10 8-20 521 518
9 15 -6 495 480 9 19 8 191* 192 9 27 -6 440 413 10 4-20 616 607 10 8-19 0* 19
9 15 -5 581 538 9 21-16 233 301 9 27 -5 401 341 10 4-19 0* 97 10 8-18 722 731
9 15 -4 581 520 9 21-15 192* 202 9 27 -4 384 354 10 4-18 43* 77 10 8-17 327 350
9 15 -3 512 488 9 21-14 260 255 9 27 -3 386 418 10 4-17 351 370 10 8-16 0* 28
9 15 -2 470 443 9 21-13 432 412 9 27 -2 479 505 10 4-16 963 949 10 8-15 0 * 52
9 15 -1 246 286 9 21-12 71* 211 9 27 -1 223* 259 10 4-15 116* 138 10 8-14 1039 1084
9 15 0 494 464 9 21-11 339 360 9 27 0 196* 202 10 4-14 909 901 10 8-13 116* 84
9 15 1 1229 1172 9 21-10 724 726 9 27 1 274 298 10 4-13 289 270 10 8-12 599 657
9 15 2 561 551 9 21 -9 34B 322 9 27 2 231 324 10 4-12 1957 1692 10 8-11 99* 64
9 15 3 252 200 9 21 -8 0* 36 9 29 -7 149* 184 10 4-11 0* 88 10 8-10 707 545
9 15 4 999 976 9 21 -7 0* 86 9 29 -6 309 308 10 4-10 759 830 10 8 -9 408 331
9 15 5 816 786 9 21 -6 436 455 9 29 -5 223 275 10 4 -9 737 507 10 8 -8 702 703
9 15 6 405 370 9 21 -5 727 731 9 29 -4 262 280 10 4 -8 1543 1415 10 8 -7 109* 111
9 15 7 0* 219 9 21 -4 725 753 9 29 -3 306 309 10 4 -7 702 739 10 8 -6 1305 1427
9 15 8 281 254 9 21 -3 436 462 9 29 -2 79* 177 10 4 -6 492 334 10 8 -5 0 * 17
9 15 9 416 387 9 21 -2 73* 132 10 0-22 439 414 10 4 -5 0* 5 10 8 -4 1310 1285
9 15 10 318 318 9 21 -1 0* 30 10 0-20 816 761 10 4 -4 494 766 10 8 -3 140* 177
9 17-18 346 365 9 21 0 289 334 10 0-18 785 713 10 4 -3 687 713 10 8 -2 728 751
9 17-17 354 301 9 21 1 697 716 10 0-16 594 606 10 4 -2 1487 1277 10 8 -1 435 428
9 17-16 0* 148 9 21 2 380 368 10 0-14 391 434 10 4 -1 729 684 10 8 0 731 691
9 17-15 514 462 9 21 3 168* 182 10 0-12 1369 1383 10 4 0 733 818 10 8 1 164* 66
9 17-14 534 552 9 21 4 427 393 10 0-10 3909 3547 10 4 1 0* 95 10 8 2 647 634
9 17-13 313 273 9 21 5 282 240 10 0 -8 1650 1678 10 4 2 1921 1809 10 8 3 0 * 44
9 17-12 258 245 9 21 6 183* 197 10 0 -6 2185 1772 10 4 3 302 278 10 8 4 1060 1032
9 17-11 398 417 9 21 7 277 297 10 0 -4 2195 2719 10 4 4 957 917 10 8 5 0 * 105
9 17-10 872 863 9 23-15 292 300 10 0 -2 1632 1886 10 4 5 76* 125 10 8 6 35* 25
9 17 -9 565 568 9 23-14 444 446 10 0 0 3754 3529 10 4 6 1055 915 10 8 7 3B0 355
9 17 -8 0* 91 9 23-13 349 399 10 0 2 1366 1212 10 4 7 415 360 10 8 8 873 735
9 17 -7 412 391 9 23-12 403 389 10 0 4 396 420 10 4 8 0* 79 10 8 9 214* 32
9 17 -6 622 652 9 23-11 507 479 10 0 6 639 627 10 4 9 0* 90 10 8 10 590 498
9 17 -5 353 363 9 23-10 417 452 10 0 8 875 716 10 4 10 717 591 10 B 11 62* 55
9 17 -4 300 346 9 23 -9 460 496 10 0 10 875 745 10 4 11 0* 110 10 10-21 344 387
9 17 -3 626 632 9 23 -8 158* 145 10 0 12 504 418 10 4 12 389 413 10 10-20 203* 29
9 17 -2 423 415 9 23 -7 0* 22 10 2-22 90* 52 10 6-22 0* 8 10 10-19 882 890
9 17 -1 154* 91 9 23 -6 243 129 10 2-21 694 677 10 6-21 429 467 10 10 -1B 0* 41
9 17 0 574 602 9 23 -5 659 619 10 2-20 0* 18 10 6-20 0* 17 10 10-17 832 863
9 17 1 843 887 9 23 -4 643 617 10 2-19 49B 493 10 6-19 308 203 10 10-16 298 276
9 17 2 375 427 9 23 -3 0* 160 10 2-1B 192* 210 10 6-18 237 147 10 10-15 204 147
9 17 3 238 222 9 23 -2 51* IB 10 2-17 744 790 10 6-17 0* 25 10 10-14 0* 40
9 17 4 268 255 9 23 -1 208* 152 10 2-16 104* 148 10 6-16 0* 53 10 10-13 1369 1366
9 17 5 571 523 ■ 9 23 0 478 489 10 2-15 535 578 10 6-15 573 602 10 10-12 188* 199
9 17 6 484 482 9 23 1 469 446 10 2-14 35* 60 10 6-14 22* 116 10 10-11 701 678
9 17 7 20* 164 
R e f l e c t i o n s  f l a g g e d  w i t h
9 23 2 
an a s t e r i s k
509
w e r e
477 10 2-13 1360 
c o n s i d e r e d  u n o b s e r v e d .
1372 10 6-13 1149 1087 10 10-10 0* 1
A'22
Values of 10*Fobs and 10*Fcalc
H K L Fobs Fcalc H K L Fobs Fcalc H K L
10 10 -9 350 245 10 14 -2 0* 85 10 20--14
10 10 -B 292 2B0 10 14 -1 770 803 10 20- 15
10 10 -7 1243 1077 10 14 0 239 208 10 20 -14
10 10 -4 520 513 10 14 1 1075 1107 10 20- 13
10 10 -5 2437 2074 10 14 2 343 358 10 20--12
10 10 -4 501 418 10 14 3 745 483 10 20- 11
10 10 -3 1282 1023 10 14 4 213 154 10 20--10
10 10 -2 310 427 10 14 5 842 840 10 20 -9
10 10 -1 344 294 10 14 4 0* 50 10 20 -8
10 10 0 0* 108 10 14 7 420 353 10 20 -7
10 10 1 718 497 10 14 8 0* 50 10 20 -4
10 10 2 207 120 10 14 9 482 478 10 20 -5
10 10 3 1397 1340 10 14 10 0* 38 10 20 -4
10 10 4 0* 47 10 14- 19 0* 12 10 20 -3
10 10 5 207 144 10 14--18 450 500 10 20 -2
10 10 6 310 302 10 14- 17 0* 5 10 20 -1
10 10 7 932 841 10 14--14 534 478 10 20 0
10 10 8 0* 44 * 10 14- 15 59* 34 10 20 1
10 10 9 980 872 10 14--14 1337 1311 10 20 2
10 10 10 0* 22 10 14- 13 104* 11 10 20 3
10 10 11 342 390 10 14--12 0* 40 10 20 4
10 12- 20 449 523 10 14- 11 175* 129 10 20 5
10 12--19 0* 30 10 14--10 870 937 10 20 4
10 12- 18 570 574 10 14 -9 192* 201 10 20 7
10 12--17 0* 133 10 14 -8 453 449 10 22--14
10 12- 14 593 423 10 14 -7 49* 92 10 22- 15
10 12--15 0* 137 10 14 -4 822 840 10 22 -14
10 12- 14 0* 199 10 14 -5 0* ' 10 10 22- 13
10 12--13 180# 183 10 14 -4 830 843 10 22 -12
10 12- 12 1492 1732 10 14 -3 0* 90 10 22- 11
10 12--11 144* 155 10 14 -2 458 443 10 22 -10
10 12- 10 450 472 10 14 -1 225 235 10 22 -9
10 12 -9 380 344 10 14 0 847 913 10 22 -8
10 12 -8 1182 1176 10 14 1 101* 153 10 22 -7
10 12 -7 233 222 10 14 2 0* 33 10 22 -4
10 12 -4 1791 1792 10 14 3 205 1 10 22 -5
10 12 -5 47* 14 10 14 4 1350 1308 10 22 -4
10 12 -4 1854 1830 10 14 5 125* 54 10 22 -3
10 12 -3 215 234 10 14 4 531 484 10 22 -2
10 12 -2 1214 1204 10 14 7 0* 4 10 22 -1
10 12 -1 383 375 10 14 8 485 482 10 22 0
10 12 0 449 445 10 14 9 199* 24 10 22 1
10 12 1 199 180 10 18--18 135* 11 10 22 2
10 12 2 1717 1728 10 18- 17 112* 210 10 22 3
10 12 3 174* 194 10 18--14 0* 50 10 22 4
10 12 4 244 199 10 18- 15 824 777 10 22 5
10 12 5 182* 121 10 18--14 0* 71 10 22 4
10 12 4 410 422 10 18- 13 222* 227 10 24- 14
10 12 7 74* 111 10 19- 12 137* 74 10 24- 13
10 12 8 413 558 10 18- 11 145* 201 10 24- 12
10 12 9 43* 30 10 18- 10 225 245 JO 24--11
10 12 10 575 528 10 18 -9 544 542 JO 24- 10
10 14- 20 0* 8 10 18 -8 194* 142 10 24 -9
10 14- 19 447 480 10 18 -7 1049 1110 10 24 -8
10 14- 18 124* 73 10 18 -4 182* 189 10 24 -7
10 14- 17 395 351 10 18 -5 925 927 10 24 -4
10 14- 14 47* 21 10 18 -4 212 199 10 24 -5
10 14- 15 857 844 10 IB -3 1090 1044 10 24 -4
10 14- 14 228 187 10 ia -2 182* 185 10 24 -3
10 14- 13 722 708 10 IS -1 558 534 10 24 -2
10 14- 12 397 353 10 18 0 245 233 10 24 - I
10 14- 11 1049 1105 10 18 1 215 204 10 24 0
10 14- 10 277 271 10 18 2 0* 92 10 24 1
10 14 -9 808 777 10 18 3 222 235 10 24 2
10 14 -8 122* 20 10 13 4 0* 52 10 24 3
10 14 -7 1382 1302 10 IS 5 824 774 10 24 4
10 14 -6 17b* 239 10 13 4 0* 38 10 24- 12
10 14 -5 1032 1000 10 18 7 222* 197 10 24- 11
10 14 -4 185* 237 10 18 8 0* 3 JO 26- 10
10 14 _3 1393 1319 10 20- 17 87* 44 10 24 -9
Fobs Fcalc H K L Fobs Fcalc H K L
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Fobs Fcalc
379 384 10 26 -8 125* 21 11 3 -6 1207 841
0* 49 10 -26 -7 701 661 11 3 -5 1196 1402
347 320 10 26 -6 57* 25 11 3 -4 33* 248
0* 85 10 26 -5 736 695 11 3 -3 413 504
415 394 10 26 -4 0* 31 11 3 -2 1394 1397
89* 4 10 26 -3 675 678 11 3 -1 508 483
247 256 10 26 -2 0* 22 11 3 0 610 622
151* 60 10 26 -1 337 349 11 3 1 1481 1262
474 511 10 26 0 163* 71 11 3 2 1010 950
0* 19 10 26 1 532 559 11 3 3 825 851
1011 1004 10 26 2 155* 50 11 3 4 459 392
43* 16 10 28 -9 121* 62 11 3 5 788 696
993 994 10 28 -8 393 411 11 3 6 927 884
80* 1 10 28 -7 0* 25 11 3 7 556 466
494 513 10 28 -6 473 462 11 3 8 239 191
0* 74 10 28 -5 0* 1 11 3 9 343 270
273 264 10 28 -4 460 478 11 3 10 542 461
0* 1 10 28 -3 0* 40 11 3 11 388 378
405 395 10 28 -2 355 400 11 5-22 248 284
0 * 110 10 28 -1 69* 71 11 5-21 409 405
304 313 11 1-22 348 375 11 5-20 300 324
187* 69 11 1-21 407 426 11 5-19 0* 134
389 375 11 1-20 429 434 11 5-18 0* 18
0* 16 11 1-19 421 450 11 5-17 716 800
0* 7 11 1-18 536 532 11 5-16 778 834
434 426 11 1-17 362 376 11 5-15 491 492
191* 24 11 1-16 319 320 11 5-14 664 682
507 512 11 1-15 350 339 11 5-13 992 1064
0* 68 11 1-14 308 367 11 5-12 688 739
777 760 11 1-13 745 704 11 5-11 1059 827
0* 76 11 1-12 1148 930 11 5-10 1114 1035
43* 137 11 1-11 1458 1564 11 5 -9 558 630
0* 8 11 1-10 1277 1069 11 5 -8 1917 1985
248 207 11 1 -9 750 520 11 5 -7 353 463
0* 45 11 1 - 8 395 394 11 5 -6 888 742
941 881 11 1 -7 1293 1364 11 5 -5 885 942
0* 45 11 1 -6 2816 2998 11 5 -4 358 583
285 225 11 1 -5 2825 2336 11 5 -3 1868 1826
0* 1 11 1 -4 1284 993 11 5 -2 543 586
124* 135 11 1 -3 395 465 11 5 -1 1117 1082
172* 74 11 1 -2 732 576 11 5 0 1131 1003
751 762 11 1 -1 1193 1084 11 5 1 674 642
244 81 11 1 0 1400 1434 11 5 2 965 981
484 500 11 1 1 1106 1076 11 5 3 672 656
0* 6 11 1 2 776 739 11 5 4 494 497
454 423 11 1 3 311 357 11 5 5 799 810
0* 2 11 1 4 391 343 11 5 6 789 797
425 442 11 1 5 348 297 11 5 7 0 * 37
0* 32 11 1 6 366 359 11 5 8 92* 136
421 642 11 1 7 595 521 11 5 9 418 308
0* 41 11 1 8 489 456 11 5 10 470 390
703 687 11 1 9 446 414 11 5 11 289 265
0* 17 11 1 10 468 420 11 7-22 189 246
89* 138 11 1 I f 377 374 11 7-21 379 392
44* 28 11 3-22 389 389 11 7-20 248 229
702 668 11 3-21 471 470 11 7-19 183* 225
0* 4 11 3-20 290 275 11 7-18 0* 106
723 686 11 3-19 170* 209 11 7-17 65* 106
43* 46 11 3-18 467 481 11 7-16 640 602
131* 142 11 3-17 893 890 11 7-1 5 588 645
0* 7 11 3-16 741 701 11 7-14 695 712
483 664 11 3-15 434 412 11 7-13 596 621
0* 50 11 3-14 817 825 11 7-12 236 311
427 639 11 3-13 1001 950 11 7-11 110* 113
0* 20 11 3-12 1532 1421 11 7-10 838 741
408 438 11 3-11 640 581 11 7 -9 799 739
0* 50 11 3-10 528 527 11 7 -8 49* 24
530 566 11 3 -9 1537 1227 11 7 -7 1959 1766
213* 59 11 3 - 3 430 481 11 7 -6 1083 1196
362 373 11 3 -7 22* 120 11 7 -5 1067 1105
Ref lections f'.aqaed x i th  an aster isk xere considered unobserved.
A23
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K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc
7 -4 1947 1780 11 11 1 540 522 11 17-19 289 338 11 21 -1 0* 78 12 0 2 188* 243
7 -3 0* 45 11 11 2 802 836 11 17-18 302 270 11 21 0 554 532 12 0 4 571 695
7 -2 796 683 11 11 3 849 835 11 17-17 89* 123 11 21 1 387 360 12 0 6 880 925
7 -1 866 792 11 11 4 84* 129 11 17-16 435 416 11 21 2 263 202 12 0 8 764 653
7 0 109* 68 11 11 5 329 349 11 17-15 569 556 11 21 3 384 387 12 0 10 536 466
7 1 266 346 11 11 6 491 459 11 17-14 575 561 11 21 4 0* 194 12 2- 22 55* 98
7 2 674 621 11 11 7 283 324 11 17-13 687 678 11 21 5 206* 162 12 2- 21 622 597
7 3 711 683 11 11 8 566 516 11 17-12 140* 89 11 21 6 271 271 12 2- 20 0* 40
7 4 633 657 11 11 9 528 474 11 17-11 10* 135 11 23--15 449 470 12 2- 19 712 686
7 5 699 637 11 11 10 358 367 11 17-10 598 653 11 23- 14 269 299 12 2- 18 0* 86
7 6 108* 91 11 13 -20 322 321 11 17 -9 654 689 11 23 -13 357 350 12 2--17 1024 984
7 7 213* 103 11 13- 19 405 369 11 17 -8 689 651 11 23- 12 536 524 12 2- 16 33* 65
7 8 263 225 11 13 -18 368 355 11 17 -7 450 498 11 23--11 550 530 12 2--15 589 560
7 9 304 234 11 13- 17 60* 46 11 17 -6 497 479 11 23- 10 443 424 12 2- 14 78* 109
7 10 410 362 11 13--16 488 486 11 17 -5 506 452 11 23 -9 0* 56 12 2- 13 1303 1252
7 11 247 230 11 13- 15 616 636 11 17 -4 461 483 11 23 -8 0* 57 12 2- 12 329 385
9 -21 247 313 11 13--14 124* 95 11 17 -3 686 672 11 23 -7 305 284 12 2- 11 851 664
9- 20 554 546 11 13- 13 1054 1061 11 17 -2 705 695 11 23 -6 404 370 12 2- 10 0* 111
9 -19 526 498 * 11 13 -12 1101 1127 11 17 -1 585 629 11 23 -5 419 386 12 2 -9 498 450
9- 18 464 452 11 13- 11 431 487 11 17 0 226 132 11 23 -4 32B 270 12 2 -8 340 B7
9--17 262 258 11 13--10 694 697 11 17 1 179* 80 11 23 -3 0* 79 12 2 -7 2947 2679
9- 16 0* 84 11 13 -9 678 686 11 17 2 6B8 684 11 23 -2 0* 50 12 2 -6 0 * 506
9-•15 B47 879 11 13 -8 1387 1359 11 17 3 526 528 11 23 -1 369 404 12 2 -5 2938 2807
9- 14 B14 788 11 13 -7 961 924 11 17 4 564 541 11 23 0 540 523 12 2 -4 126* 350
9--13 371 368 11 13 -6 562 548 11 17 5 464 415 11 23 1 543 523 12 2 “3 480 436
9- 12 425 452 11 13 ■5 5B2 509 11 17 6 0* 122 11 23 2 370 353 12 2 -2 129* 104
9-•11 212 200 11 13 -4 1002 912 11 17 7 258 278 11 23 3 307 305 12 2 -1 811 780
9- 10 295 357 11 13 -3 1472 1329 11 17 8 326 359 11 23 4 402 448 12 2 0 335 232
9 -9 216 89 11 13 -2 701 656 11 19-18 119* 144 11 25- 14 200* 239 12 2 1 1263 1241
9 -8 331 440 11 13 -1 699 671 11 19-17 250 167 11 25- 13 253 312 12 2 2 0* 151
9 -7 215 111 11 13 0 461 489 11 19-16 164* 251 11 25-■12 396 418 12 2 3 598 550
9 -6 1608 1332 11 13 1 1119 1089 11 19-15 155* 204 11 25- 11 520 518 12 2 4 146* 95
9 -5 1578 1379 11 13 2 1067 1076 11 19-14 0* 52 11 25- 10 401 400 12 2 5 1130 980
9 -4 216 140 11 13 3 0* 101 11 19-13 369 322 11 25 -9 324 309 12 2 6 0* 77
9 -3 337 421 11 13 4 595 625 11 19-12 501 495 11 25 -8 359 318 12 2 7 776 672
9 -2 250 173 11 13 5 455 473 11 19-11 0* 53 11 25 -7 487 455 12 2 8 0* 26
9 -1 210 327 11 13 6 69* 48 11 19-10 0* 97 11 25 -6 503 482 12 2 9 653 576
9 0 205 125 11 13 7 401 363 11 19 -9 548 527 11 25 -5 520 478 12 2 10 0* 91
9 1 446 450 11 13 8 402 356 11 19 -8 831 842 11 25 -4 474 482 12 4--22 539 584
9 2 328 321 11 13 9 341 322 11 19 -7 689 629 11 25 -3 288 315 12 4- 21 0* 43
9 3 833 809 11 15--20 278 336 11 19 -6 406 430 11 25 -2 252 302 12 4--20 279 260
9 4 900 872 11 15- 19 374 386 11 19 -5 372 425 11 25 -1 367 381 12 4- 19 0* 32
9 5 0* B6 11 15--18 234* 280 11 19 -4 689 648 11 25 0 508 513 12 4 -18 812 826
9 6 269 263 11 15- 17 406 360 11 1 9 - 3 B26 841 11 25 1 435 417 12 4 17 0 * 65
9 7 514 448 11 15--16 39* 162 11 19 -2 521 509 11 25 2 293 320 12 4 -16 619 644
9 8 595 493 11 15- 15 810 777 11 19 -1 19* 129 11 25 3 263 233 12 4--15 0 * 46
9 9 655 520 11 15-•14 1295 1308 11 19 0 0* 48 11 27--11 243 275 12 4 -14 1158 1179
9 10 322 298 11 15- 13 255 253 11 19 1 478 487 11 27- 10 169* 276 12 4- 13 157* 79
11- 21 318 355 11 15- 12 439 423 11 19 2 325 300 11 27 -9 398 361 12 4 -12 998 966
11- 20 464 489 11 15- 11 753 773 11 19 3 0* 60 11 27 -8 459 418 12 4- 11 0* 135
11- 19 528 531 11 15--10 517 587 11 19 4 238 217 11 27 -7 357 323 12 4 -10 685 710
11- 18 323 343 11 15 -9 852 869 11 19 5 273 248 11 27 -6 491 433 12 4 -9 151* 292
11- 17 489 451 11 15 -8 594 587 11 19 6 0* 170 11 27 -5 465 442 12 4 -8 209 95
11- 16 277 339 11 15 -7 723 708 11 19 7 160* 171 11 27 -4 336 342 12 4 -7 362 342
11- 15 134* 133 11 15 -6 251 307 11 21-17 200 255 11 27 -3 399 410 12 4 -6 2654 2496
11- 14 832 854 11 15 -5 300 316 11 21-16 169* 156 11 27 -2 375 354 12 4 -5 386 431
11- 13 794 906 11 15 -4 714 697 11 21-15 230* 176 11 27 -I 315 284 12 4 -4 211 250
11- 12 549 527 11 15 -3 623 607 11 21-14 384 398 11 27 0 180* 269 12 4 -3 189 212
11--11 603 590 I t  15 -2 887 888 11 21-13 0* 211 12 0 -22 454 469 12 4 -2 659 651
11- 10 0* 238 11 15 -1 529 526 11 21-12 371 352 12 0-20 708 681 12 4 -1 109* 169
11 -9 548 515 11 15 0 753 735 11 21-11 582 546 12 0 -IB 847 934 12 4 0 932 975
11 -8 559 626 11 15 1 435 421 11 21-10 101* 81 12 0- 16 561 701 12 4 1 192 101
11 -7 1117 1009 11 15 2 164* 262 11 21 -9 0* 101 12 0 -14 206 209 12 4 2 1168 1141
11 -6 753 800 11 15 3 1326 1303 11 21 -8 285 343 12 0- 12 1705 1679 12 4 3 0* 15
11 -5 786 732 11 15 4 809 752 11 21 -7 485 443 12 0 -10 371 556 12 4 4 653 622
11 -4 1119 9^? 11 15 5 194* 160 11 21 -6 370 349 12 0 -8 2916 2669 12 4 5 44* 41
11 -3 565 667 11 15 6 366 356 11 21 -5 307 350 12 0 -6 3434 2839 12 4 6 892 821
11 _2 592 CATJ V / 11 15 7 306 274 11 21 -4 436 456 12 0 -4 2904 2892 12 4 7 0* 16
J 1 192 2 4 9 11 15 8 383 392 11 21 -3 324 342 12 0 -2 354 491 12 4 a 346 244
11 o 619 625 11 15 9 304 356 1! 21 -2 0» 102 12 0 0 1622 1501 12 4 9 40* 48
R e je c t io ns  flagged with an asterisk were considered unobserved.
A24
Values of 10*Fobs and 10*Fcalc
H K L Fobs Fcalc H K L Fobs
12 4 10 A21 572 12 10--18 0*
12 6--22 32* 39 12 10--17 692
12 6--21 497 488 12 10--16 0*
12 6-•20 0* 27 12 10-•15 1104
12 6--19 77* 78 12 10--14 95*
12 A--IB 70* AS 12 10-■13 471
12 A--17 707 729 12 10--12 124*
12 6--1A 187* 2 12 10-•11 350
12 6--15 409 392 12 10--10 64*
12 6-•14 0* 142 12 10 -9 994
12 6--13 A79 597 12 10 -8 0*
12 A--12 0* 101 12 10 -7 1349
12 A--11 1188 1183 12 10 -A 0*
12 6-■10 0* 109 12 10 -5 1363
12 A -9 489 494 12 10 -4 0*
12 A -8 4A* 77 12 10 -3 1051
12 A -7 1187 1198 12 10 -2 0*
12 A -A 38* 88 12 10 -1 407
12 A -5 1172 1205 , 12 10 0 147*
12 A -4 158* 7A 12 10 1 486
12 A -3 478 579 12 10 2 99*
12 A -2 0* 126 12 10 3 1171
12 A -1 1173 1163 12 10 4 100*
12 A 0 29* 14 12 10 5 696
12 A 1 ASA 636 12 10 6 0*
12 A 2 153* 162 12 10 7 549
12 A 3 417 438 12 10 8 0*
12 A 4 175* 39 12 10 9 583
12 A 5 A95 726 12 12--21 84*
12 A A 0* 70 12 12--20 464
12 A 7 0* 77 12 12--19 0*
12 A 8 118* 19 12 12-•18 257
12 A 9 555 469 12 12--17 0*
12 A 10 0* 31 12 12-•16 859
12 8--22 318 383 12 12--15 0*
12 8--21 0* 39 12 12-■14 1419
12 8--20 5AA 542 12 12--13 185*
12 8-•19 0* 81 12 12-■12 524
12 8--18 403 423 12 12--11 0*
12 8--17 0* 83 12 12-■10 532
12 8--1A 922 939 12 12 -9 82*
12 8--15 A9* 111 12 12 -8 1B10
12 8--14 383 463 12 12 -7 0*
12 8-•13 177* 148 12 12 -6 1336
12 8--12 35 A 348 12 12 - j 0*
12 8-■11 0* 12 12 12 -4 1843
12 8-•10 1323 1184 12 12 -3 152*
12 8 -9 246 216 12 12 -2 570
12 8 -8 A78 656 12 12 -1 0*
12 8 -7 239 252 12 12 0 526
12 8 -A I860 1532 12 12 1 169*
12 8 “5 253 209 12 12 2 1419
12 8 -4 ASS 597 12 12 3 71*
12 8 -3 272 181 12 12 4 882
12 8 -2 1319 1173 12 12 5 0*
12 8 -1 0* 36 12 12 A 205*
12 8 0 417 365 12 12 7 20*
12 8 1 108* 96 12 12 8 452
12 8 2 44A 406 12 12 9 169*
12 8 3 159* 109 12 14- 20 0*
12 8 4 9AB 924 12 14-•19 360
12 8 5 146* 98 12 14- 18 0*
12 8 A 443 421 12 14-•17 0*
12 8 7 0* 55 12 14- 16 0*
12 8 8 A ll cncJ U 12 14-•15 1415
12 8 9 0* o7 12 14- 14 0*
12 8 10 383 364 12 14-•13 1033
12 10-■21 560 600 12 14- 12 54*
12 10-•20 0* 9 12 14-•11 625
12 10-■I? 548 550 12 14-•10 0*
Re f lec t i ons f lag qed witbi an as ter is l< were
Fcalc H K L Fobs Fcalc H K L
74 12 14 -9 1030 1010 12 IB 4
706 12 14 -8 66* 157 12 18 5
76 12 14 -7 759 734 12 18 A
1228 12 14 -6 96* 10 12 18 7
110 12 14 -5 745 721 12 20--18
487 12 14 -4 0* 149 12 20-•17
117 12 14 -3 1076 998 12 20-■16
351 12 14 -2 0* 34 12 20- 15
103 12 14 -1 598 629 12 20-•14
1068 12 14 0 59* 108 12 20- 13
11 12 14 1 1045 1046 12 20-•12
1433 12 14 2 54* 84 12 20- 11
56 12 14 3 1397 1366 12 20-•10
1480 12 14 4 0* 13 12 20 -9
73 12 14 5 0* 93 12 20 -8
1087 12 14 A 0* 15 12 20 -7
103 12 14 7 412 412 12 20 -6
369 12 14 8 92* 19 12 20 -5
80 12 16--20 379 501 12 20 -4
435 12 16-■19 0* 13 12 20 -3
98 12 16--18 337 339 12 20 -2
1200 12 16-•17 73* 4 12 20 -1
108 12 16--16 485 489 12 20 0
691 12 16-•15 61* 1 12 20 1
62 12 16--14 1207 1224 12 20 2
528 12 16-•13 58* 17 12 20 3
15 12 16--12 497 506 12 20 4
590 12 16-■11 171* 116 12 20 5
25 12 16--10 702 704 12 20 6
475 12 16 -9 100* 98 12 22-•16
5 12 16 -8 601 552 12 22--15
186 12 16 -7 50* 80 12 22-•14
9 12 16 -A 170* 149 12 22--13
821 12 16 -5 76* 85 12 22-•12
10 12 16 -4 585 559 12 22--11
1425 12 16 -3 0* 67 12 22-■10
115 12 16 -2 706 687 12 22 -9
574 12 16 -1 63* 107 12 22 -8
49 12 16 0 499 509 12 22 -7
599 12 16 1 170* 30 12 22 -6
115 12 16 2 1210 1209 12 22 -5
1615 12 16 3 0* 14 12 22 -4
111 12 16 4 499 476 12 22 -3
1223 12 16 5 0* 11 12 22 -2
46 12 16 A 344 340 12 22 -1
1709 12 16 7 0* 3 12 22 0
101 12 16 8 396 501 12 22 1
567 12 18-■19 290 347 12 22 2
24 12 18--IB 0* 36 12 22 3
515 12 18- 17 200* 256 12 22 4
144 12 18-■16 91* 39 12 24--15
1434 12 18- 15 162* 256 12 24-•14
14 12 18--14 125* 22 12 24--13
B23 12 18- 13 949 963 12 24-■12
34 12 18--12 0* 43 12 24--11
176 12 18- 11 250 220 12 24-■10
6 12 18-•10 104* 43 12 24 -9
469 12 18 -9 932 913 12 24 -8
31 12 18 -8 0* 122 12 24 -7
10 12 18 -7 616 638 12 24 -6
415 12 18 -6 30* 8 12 24 -5
39 12 IB -5 610 613 12 24 -4
97 12 18 -4 106* 143 12 24 -3
10 12 18 -3 922 934 12 24 -2
1353 12 18 -2 0* 41 12 24 -1
33 12 18 -1 0* 222 12 24 0
1031 12 18 0 70* 73 12 24 1
37 12 18 1 928 942 12 24 2
623 12 18 2 0* 45 12 24 3
2? 12 18 3 234 227 12 26-•12
considered unobserved.
Fobs Fcalc H K L
Page 15 
Fobs Fcalc--- ---- -  -  - --- ----
0* 38 12 26-11 420 470
223* 259 12 26-10 0* 34
0* 28 12 26 -9 607 613
278 360 12 26 -8 0* 25
196 260 12 26 -7 586 541
0* 1 12 26 -6 101* 6
197* 162 12 26 -5 562 544
0 * 28 12 26 -4 0* 35
452 439 12 26 -3 633 600
0* 1 12 26 -2 0* 37
807 759 12 26 -1 439 463
0* 53 12 26 0 83* 18
220* 166 12 28 -9 0* 22
0* 57 12 28 -8 328 395
936 885 12 28 -7 0* 43
0* 94 12 28 -6 431 422
542 613 12 28 -5 133* 36
82* 135 12 28 -4 318 384
977 873 12 28 -3 56* 23
98* 64 13 1-23 329 361
0* 179 13 1-22 410 428
93* 71 13 1-21 618 549
771 756 13 1-20 451 444
0* 18 13 1-19 667 586
400 392 13 1-18 542 546
0* 31 13 1-17 470 455
187* 156 13 1-16 215 303
0* 2 13 1-15 277 301
252 272 13 1-14 629 601
59* 49 13 1-13 1232 1226
567 632 13 1-12 1066 1050
149* 11 13 1-11 1372 1200
499 496 13 1-10 55* 56
78* 19 13 1 -9 666 764
694 693 13 1 -8 1657 1423
0* 29 13 1 -7 2489 2039
0* 91 13 1 -6 2501 2367
0 * 4 13 1 -5 1631 1447
471 479 13 1 -4 640 548
120* 33 13 1 -3 0* 48
527 478 13 1 -2 1288 1297
0* 4 13 1 -1 1037 1186
118* 113 13 1 0 1167 1157
0* 21 13 1 1 613 557
682 673 13 1 2 305 289
0* 35 13 1 3 249 280
541 484 13 1 4 502 472
147* 1 13 1 5 595 591
594 611 13 1 6 680 616
117* 34 13 1 7 493 440
0* 18 13 1 8 605 542
391 375 13 1 9 463 415
0* 27 13 1 10 339 351
726 703 13 3-23 194 311
0* 18 13 3-22 495 499
521 459 13 3-21 0* 210
0* 32 13 3-20 264 248
498 437 13 3-19 446 406
35* 11 13 3-18 711 703
417 430 13 3-17 660 649
0* 29 13 3-16 342 326
497 443 13 3-15 525 521
0* 18 13 3-14 957 924
501 449 13 3-13 991 918
137* 11 13 3-12 736 772
718 683 13 3-11 528 536
0* 16 13 3-10 1450 1291
346 384 13 3 -9 435 358
26* 20 13 3 -8 122* 206
0* 27 13 3 -7 1529 1577
A25
Values of 10«Fobs and 10*Fcalc
H K L Fobs Fcalc H K L Fobs
13 3 -6 1490 1273 13 7 -1 293
13 3 -5 118* 79 13 7 0 136*
13 3 -4 414 342 13 7 1 529
13 3 -3 1358 1340 13 7 2 508
13 3 -2 488 487 13 7 3 583
13 3 -1 691 607 13 7 4 615
13 3 0 952 927 13 7 5 198*
13 3 1 952 910 13 7 6 340
13 3 2 504 450 13 7 7 246
13 3 3 358 339 13 7 8 176*
13 3 4 673 633 13 7 9 322
13 3 5 746 703 13 9--22 206
13 3 6 495 415 13 9--21 543
13 3 7 301 260 13 9-20 574
13 3 8 231* 189 13 9--19 381
13 3 9 568 477 13 9-•18 430
13 3 10 257 304 13 9--17 0*
13 5-•22 312 333 13 9-•16 797
13 5-•21 269 251 13 9-■15 769
13 5-•20 0* 83 . 13 9-■14 363
13 5--19 0* 77 13 9--13 604
13 5-■18 603 627 13 9-•12 210
13 5-■17 568 608 13 9-•11 468
13 5-■16 295 324 13 9-■10 624
13 S'■15 583 605 13 9 -9 244
13 5-•14 538 519 13 9 -8 722
13 5--13 622 611 13 9 -7 1088
13 5-■12 504 492 13 9 -6 1060
13 5--11 543 535 13 9 -5 704
13 5-•10 355 358 13 9 -4 264
13 5 -9 898 996 13 9 -3 630
13 5 -8 292 345 13 9 -2 480
13 5 -7 29* 58 13 9 -1 215
13 5 -6 39* 58 13 9 0 606
13 5 -5 328 368 13 9 1 334
13 5 -4 885 1011 13 9 2 782
13 5 -3 292 353 13 9 3 817
13 5 -2 504 533 13 9 4 0*
13 5 -1 526 473 13 9 5 487
13 5 0 594 574 13 9 6 397
13 5 1 527 490 13 9 7 559
13 5 2 593 582 13 9 8 539
13 CJ 3 275 288 13 9 9 251
13 J 4 615 602 13 11-•21 447
13 5 j 630 631 13 11--20 501
13 J 6 0* 57 13 11-•19 341
13 5 1 0* 85 13 11--18 414
13 5 8 303 234 13 11-■17 463
13 5 9 • 356 316 13 11--16 78*
13 7-■22 276 363 13 11-•15 B37
13 7-■21 284 273 13 11--14 941
13 7-•20 0* 151 13 11- 13 395
13 7-•19 313 245 13 11-■12 637
13 7-■18 107* 163 13 11- 11 383
13 7--17 597 582 13 11--10 674
13 7- 16 579 579 13 11 -9 805
13 7-■15 530 484 13 11 -8 740
13 7-■14 490 561 13 11 -7 991
13 7-■13 182* 282 13 11 -6 999
13 7-■12 356 317 13 11 -5 753
13 7--11 768 842 13 11 -4 B18
13 7-■10 694 632 13 11 -3 715
13 7 -9 439 449 13 11 -2 414
13 7 -8 891 790 13 11 -1 651
13 7 -7 1051 922 13 11 0 413
13 7 -6 1056 995 13 11 1 934
13 7 -5 890 855 13 11 2 841
13 7 -4 452 433 13 11 3 94*
13 7 -3 685 605 13 11 4 472
13 7 -? 787 785 13 11 5 450
Ref lect ions flagged with an asterisk were
Fcalc H K L Fobs Fcalc H K L
379 13 11 6 344 306 13 17-•10
249 13 11 7 484 520 13 17 -9
551 13 11 8 452 451 13 17 -8
479 13 13-21 274 325 13 17 -7
563 13 13-20 246 277 13 17 -6
572 13 13--19 342 370 13 17 -5
166 13 13--18 0* 19 13 17 -4
254 13 13-■17 477 443 13 17 -3
155 13 13--16 691 678 13 17 -2
255 13 13-•15 122* 155 13 17 -1
335 13 13--14 999 1004 13 17 0
311 13 13-•13 1005 1017 13 17 1
545 13 13--12 253 271 13 17 2
546 13 IS ­•11 662 799 13 17 3
386 13 IS--10 579 535 13 17 4
459 13 13 -9 1154 1136 13 17 J
131 13 13 -8 813 737 13 17 6
822 13 13 -7 466 409 13 19-•18
814 13 13 -6 466 417 13 19--17
390 13 13 -5 807 774 13 19- 16
625 13 13 -4 1213 1133 13 19-•15
214 13 13 -3 605 551 13 19- 14
563 13 13 -2 690 773 13 19-•13
655 13 13 -1 238 270 13 19- 12
280 13 13 0 1026 997 13 19-•11
604 13 13 1 950 990 13 19- 10
1148 13 13 2 37* 168 13 19 -9
1067 13 13 3 673 686 13 19 -8
637 13 13 4 475 461 13 19 -7
345 13 13 5 0* 15 13 19 -6
596 13 13 6 357 344 13 19 -5
520 13 13 7 299 296 13 19 -4
213 13 13 8 269 317 13 19 -3
620 13 15-•20 376 396 13 19 -2
392 13 15--19 43* 213 13 19 -1
802 13 15-■18 350 291 13 19 0
805 13 15-•17 143* 131 13 19 1
123 13 15-•16 686 686 13 19 2
450 13 15--15 1284 1256 13 19 3
388 13 15-•14 170* 190 13 19 4
518 13 15--13 375 348 13 19 5
538 13 15-■12 719 744 13 21- 17
318 13 15--11 425 432 13 21-■16
453 13 15-■10 715 701 13 21- 15
530 13 15 -9 407 399 13 21-■14
315 13 15 -8 647 614 13 21- 13
439 13 15 -7 296 309 13 21--12
497 13 15 -6 283 291 13 21- 11
68 13 15 •5 628 637 13 21-■10
890 13 15 -4 406 412 13 21 -9
974 13 15 ■3 728 688 13 21 -8
421 13 15 -2 445 393 13 21 -7
627 13 15 -1 741 745 13 21 -6
377 13 15 0 344 360 13 21 -5
669 13 15 1 0* 167 13 21 -4
714 13 15 2 1266 1250 13 21 -3
728 13 15 3 707 726 13 21 -2
904 13 15 4 0* 114 13 21 -1
950 13 15 J 286 233 13 21 0
728 13 15 6 41* 222 13 21 1
671 13 15 7 367 373 13 21 2
696 13 17- 19 273 287 13 21 3
425 13 17--18 100* 110 13 21 4
655 13 17-■17 343 339 13 23-•16
436 13 17--16 593 568 13 23-■15
975 13 17-■15 478 472 13 23-■14
874 13 17-•14 630 652 13 23--13
62 13 17-■13 0* 122 13 23-•12
478 13 17-■12 0* 150 13 23--11
437 13 17- 11 385 416 13 23*■10
considered unobserved.
Page 16
Fobs Fcalc H K L Fobs Fcalc
425 384 13 23 -9 0* 97
585 573 13 23 -8 394 370
467 448 13 23 -7 421 343
429 437 13 23 -6 375 329
468 474 13 23 -5 384 365
425 423 13 23 -4 104* 82
582 554 13 23 -3 198* 29
421 390 13 23 -2 435 378
426 419 13 23 -1 483 507
194* 123 13 23 0 506 526
0* 122 13 23 1 344 321
623 650 13 23 2 196* 287
483 482 13 23 3 321 434
545 529 13 25-14 300 305
358 359 13 25-13 379 411
78* 115 13 25-12 459 455
298 275 13 25-11 310 324
0* 173 13 25-10 324 271
332 319 13 25 -9 350 329
274 222 13 25 -8 396 433
0* 130 13 25 -7 469 425
309 300 13 25 -6 424 409
624 588 13 25 -5 434 413
0* 106 13 25 -4 329 346
0 * 60 13 25 -3 299 271
309 355 13 25 -2 300 319
704 662 13 25 -1 431 441
854 816 13 25 0 363 400
495 489 13 25 1 254 298
474 460 13 27-11 153* 225
848 790 13 27-10 225* 303
719 670 13 27 -9 370 413
388 341 13 27 -8 330 358
0* 53 13 27 -7 358 345
79* 137 13 27 -6 331 356
547 574 13 27 -5 315 353
331 306 13 27 -4 391 403
0* 116 13 27 -3 216* 308
314 227 13 27 -2 192* 227
327 308 14 0-22 581 579
218 180 14 0-20 408 358
132* 161 14 0-18 617 614
235* 236 14 0-16 639 637
351 410 14 0-14 1002 1015
309 300 14 0-12 1242 1216
316 314 14 0-10 0 * 68
554 566 14 0 -8 2305 2057
0 * 102 14 0 -6 2311 1963
0* 61 14 0 -4 0 * 201
325 333 14 0 -2 1148 1085
452 381 14 0 0 971 998
538 504 14 0 2 609 613
552 494 14 0 4 615 615
380 362 14 0 6 411 368
366 324 14 0 8 613 567
0* 68 14 2-23 496 575
0* 109 14 2-22 0* 37
612 556 14 2-21 315 330
347 350 14 2-20 193* 111
311 289 14 2-19 690 653
372 392 14 2-18 209 79
223* 221 14 2-17 687 737
172* 169 14 2-16 89* 182
354 438 14 2-15 1195 1231
197* 296 14 2-14 225 266
314 318 14 2-13 1118 1177
538 545 14 2-12 307 385
503 503 14 2-11 1365 1262
440 370 14 2-10 320 224
0* 16 14 2 -9 253 311
A26
Values of 10*Fobs and 10*Fcalc
H K L Fobs Fcalc H K L Fobs
14 2 -B 0* 218 14 6 -4 212
14 2 -7 2612 2320 14 6 -3 873
14 2 -6 0* 62 14 6 -2 134*
14 2 -5 175* 266 14 6 -1 665
14 2 -4 290 336 14 6 0 279
14 2 -3 1294 1268 14 6 1 1099
14 2 -2 318 284 14 6 2 213
14 2 -1 1027 1177 14 6 3 744
14 2 0 241 254 14 6 4 0*
14 2 1 1160 1166 14 6 5 144*
14 2 2 62* 135 14 6 6 0*
14 2 3 691 722 14 6 7 173*
14 2 4 179* 125 14 6 8 0 *
14 2 5 727 660 14 6 9 381
14 2 & 0* 97 14 8-22 451
14 2 7 398 321 14 8-21 0*
14 2 8 132* 44 14 8-20 595
14 2 9 526 560 14 8-19 172*
14 4-23 0* 4 14 8-18 0*
14 4-22 538 540 14 8-17 0*
14 4-21 73* 76 14 8-16 886
14 4-20 84* 22 14 8-15 0*
14 4-19 0* 189 14 8-14 625
14 4 -1 B 997 986 14 8-13 0*
14 4-17 85* 51 14 8-12 564
14 4-16 859 878 14 8-11 176*
14 4-15 248 236 14 8-10 690
14 4-14 1609 1600 14 8 -9 199*
14 4-13 244 256 14 8 -8 1005
14 4-12 483 492 14 8 -7 0*
14 4-11 359 294 14 8 -6 959
14 4-10 1510 1369 14 8 -5 258
14 4 -9 211 240 14 8 -4 700
14 4 -8 367 359 14 8 -3 113*
14 4 -7 11* 3 14 B -2 584
14 4 -6 401 477 14 8 -1 0*
14 4 -5 247 214 14 8 0 626
14 4 -4 1483 1261 14 8 1 0*
14 4 -3 352 289 14 8 2 887
14 4 -2 453 549 14 8 3 55*
14 4 -1 187 275 14 8 4 0*
14 4 0 1525 1559 14 8 5 116*
14 4 1 269 261 14 8 6 629
14 4 2 841 B73 14 8 7 0*
14 4 3 0* 95 14 8 8 451
14 4 4 1011 990 14 10-22 0*
14 4 5 126* 184 14 10-21 755
14 4 6 88* 26 14 10-20 0*
14 4 7 55* 96 14 10-19 614
14 4 8 542 514 14 10-18 80*
14 4 9 0* 3 14 10-17 0*
14 6-23 363 461 14 10-16 55*
14 6-22 0* 3 14 10-15 1065
14 6-21 199* 209 14 10-14 77*
14 6-20 0* 36 14 10-13 646
14 6-19 155* 44 14 10-12 0*
14 6-18 109* 95 14 10-11 597
14 6-17 762 761 14 10-10 216
14 6-16 257 193 14 10 -9 585
14 6-15 1153 1134 14 10 -8 449
14 6-14 282 296 14 10 -7 1193
14 6-13 661 730 14 10 -6 445
14 6-12 0* 59 14 10 -5 597
14 6-11 926 928 14 10 -4 200
14 6-10 213 137 14 10 -3 627
14 6 -9 1636 1430 14 10 -2 0*
14 6 -8 367 337 14 10 -1 633
14 6 -7 500 538 14 10 0 0*
14 6 -6 346 315 14 10 1 1106
!4 6 -5 1620 1460 14 10 2 0*
Ref lec t ions flagged u i tb an aster i sk were
Fcalc H K L Fobs Fcalc H K l
184 14 10 3 0* 104 14 16'-14
929 14 10 4 0* 117 14 16-•13
125 14 10 5 617 603 14 16--12
680 14 10 6 0* 9 14 16-•11
330 14 10 7 799 771 14 16--10
1135 14 10 8 108* 65 14 16 -9
226 14 12--21 0* 24 14 16 -8
731 14 12-20 516 545 14 16 -7
86 14 12--19 132* 12 14 16 -6
71 14 12--18 455 422 14 16 -5
46 14 12--17 0* 4 14 16 -4
200 14 12--16 0* 25 14 16 -3
24 14 12--15 142* 76 14 16 -2
429 14 12-•14 1417 1530 14 16 -1
479 14 12--13 0* 178 14 16 0
76 14 12-■12 617 663 14 16 1
560 14 12--11 368 332 14 16 2
135 14 12-•10 966 963 14 16 3
128 14 12 -9 94* 215 14 16 4
107 14 12 -8 1128 1045 14 16 5
962 14 12 -7 0* 20 14 16 6
130 14 12 -6 1128 1040 14 18-•19
699 14 12 -5 227 234 14 18--18
48 14 12 -4 1013 991 14 18-■17
593 14 12 -3 340 308 14 18--16
153 14 12 -2 631 646 14 18-■15
755 14 12 -1 0* 132 14 18--14
240 14 12 0 1430 1471 14 18-•13
862 14 12 1 181* 69 14 18--12
10 14 12 2 73* 35 14 18-■11
836 14 12 3 0* 2 14 18--10
252 14 12 4 467 431 14 18 -9
735 14 12 5 0* 3 14 18 -8
167 14 12 6 519 527 14 18 -7
598 14 12 7 99* 29 14 18 -6
92 14 14-■21 481 529 14 18 -5
676 14 14--20 0* 12 14 18 -4
123 14 14-■19 307 343 14 18 -3
941 14 14--18 0* 36 14 IB -2
116 14 14- 17 701 664 14 18 -1
99 14 14--16 151* 145 . 14 18 0
105 14 14-•15 571 616 14 18 1
554 14 14-■14 303 304 14 18 2
36 14 14- 13 1160 1200 14 18 3
451 14 14-•12 0* 16 14 18 4
65 14 14- 11 827 881 14 18 5
809 14 14-■10 113* 122 14 20-•18
25 14 14 -9 1117 1119 14 20-•17
603 14 14 -8 146* 42 14 20--16
179 14 14 -7 591 684 14 20- 15
140 14 14 -6 130* 44 14 20--14
115 14 14 -5 1120 1114 14 20- 13
1144 14 14 -4 160* 86 14 20-■12
19 14 14 -3 821 854 14 20- 11
630 14 14 -2 0* 34 14 20--10
114 14 14 -1 1167 1200 14 20 -9
621 14 14 0 348 304 14 20 -8
261 14 14 1 550 590 14 20 -7
521 14 14 2 193* 158 14 20 -6
462 14 14 3 685 682 14 20 -5
1095 14 14 4 131* 18 14 20 -4
466 14 14 5 357 318 14 20 -3
539 14 14 6 0* 9 14 20 -2
175 14 14 7 425 527 14 20 -1
618 14 16-■20 428 525 14 20 0
21 14 16- 19 0* 25 14 20 1
620 14 16-•18 418 384 14 20 2
48 14 16- 17 0* 74 14 20 3
1107 14 16-•16 1190 1128 14 20 4
69 14 16- 15 103* 29 14 22- 16
considered unobserved.
Page 17
Fobs Fcalc H K L Fobs Fcalc
0* 24 14 22-■15 337 388
75* 105 14 22- 14 0* 150
1055 1069 14 22-•13 717 680
184* 115 14 22-•12 88* 117
754 719 14 22-•11 0* 46
0* 112 14 22-•10 0 * 37
675 651 14 22 -9 261* 264
24* 24 14 22 -8 0 * 86
641 650 14 22 -7 727 702
142* 104 14 22 -6 113* 74
734 720 14 22 -5 275 255
171* 82 14 22 -4 0* 11
1095 1048 14 22 -3 0* 56
0* 165 14 22 -2 80* 94
94* 27 14 22 -1 712 678
0* 14 14 22 0 171* 148
1124 1107 14 22 1 424 377
0* 60 14 22 2 0* 42
361 380 14 24-■15 28* 4
0* 7 14 24-■14 473 578
456 515 14 24--13 0* 51
0* 210 14 24-•12 656 600
0* 11 14 24--11 75* 69
707 663 14 24-■10 0 * 105
0* 75 14 24 -9 231* 114
0* 133 14 24 -8 722 660
181* 133 14 24 -7 0 * 0
269 267 14 24 -6 700 643
0* 102 14 24 -5 0* 76
554 553 14 24 -4 0 * 118
211* 137 14 24 -3 50* 56
966 994 14 24 -2 630 577
131* 76 14 24 -1 125* 51
666 641 14 24 0 490 581
119* 47 14 24 1 0 * 10
992 989 14 26--12 0 * 15
0* 126 14 26--11 314 299
561 567 14 26--10 0* 35
0* 135 14 26 -9 632 638
247 261 14 26 -8 0 * 18
0* 125 14 26 -7 646 613
0 * 125 14 26 -6 114* 14
0* 71 14 26 -5 594 643
675 645 14 26 -4 0 * 32
0* 18 14 26 -3 252 295
234 220 14 26 -2 0 * 7
287 367 15 1--23 346 394
58* 57 15 1--22 451 440
0* 204 15 1--21 262 259
136* 62 15 1-■20 357 334
335 306 15 1--19 606 594
71* 84 15 1--IB 617 621
233* 249 15 1--17 354 383
0* 125 15 1--16 702 727
512 431 15 1--15 636 646
0* 78 15 1--14 478 471
876 833 15 1--13 388 374
0* 6 15 1--12 753 692
854 820 15 1--11 818 790
0* 58 15 1--10 820 640
462 418 15 1 -9 1218 1086
52* 120 15 1 -8 2175 2034
257 281 15 1 -7 2161 1949
164* 75 15 1 -6 1227 1151
312 295 15 1 -5 772 716
107* 76 15 1 -4 797 655
171* 196 15 1 -3 750 759
0* 52 15 1 -2 357 320
298 372 15 1 -1 456 477
195* 37 15 1 0 593 626
A27
Values o f 10*Fobs and 10«Fcalc Page IB
H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc
IS 1 1 677 702 15 5 7 256 290 15 11-16 630 662 15 15 -2 1000 984 15 21 -5 270 233
15 1 2 323 394 15 5 8 226 291 15 11-15 900 910 15 15 -1 388 358 15 21 -4 25* 43
15 1 3 633 591 15 7-23 250 281 15 11-14 473 524 15 15 0 190* 94 15 21 -3 0 * 111
15 1 4 632 567 15 7-22 247 241 15 11-13 301 283 15 15 1 978 874 15 21 -2 618 602
15 I 5 339 318 15 7-21 356 363 15 11-12 0* 41 15 15 2 675 641 15 21 -1 379 310
15 1 6 253 254 15 7-20 282 332 15 11-11 605 691 15 15 3 266 296 15 21 0 0 * 156
15 1 7 484 409 15 7-19 0* 88 15 11-10 B33 764 15 15 4 226 213 15 21 I 325 301
15 1 8 370 385 15 7-18 369 441 15 11 -9 988 1014 15 15 5 223 226 15 :21 2 200* 254
15 3--23 414 490 15 7-17 339 293 15 11 -8 968 917 15 17-■20 75* 249 15 23-■16 274 342
15 3--22 271 257 15 7-16 204* 276 IS 11 -7 945 893 15 17-■19 0* 165 15 23- 15 352 356
15 3--21 147* 181 15 7-15 347 402 15 11 -6 976 996 15 17--IB 427 429 15 23--14 287 355
15 3-■20 421 393 15 7-14 518 553 15 11 -5 860 800 15 17- 17 521 537 15 23- 13 416 398
15 3--19 448 482 15 7-13 548 569 15 11 -4 631 621 15 17-■16 0 * 150 15 23-•12 532 454
15 3-■18 483 501 15 7-12 492 462 15 11 -3 0 * 64 15 17-•15 285 267 15 :23-■11 5 4 * 43
15 3--17 558 643 15 7-11 882 847 15 11 -2 279 284 15 17--14 352 325 15 23--10 0* 91
15 3-•16 631 633 15 7-10 971 982 15 11 -1 513 503 15 17-■13 551 568 1 5 :23 -9 418 355
15 3--15 1175 1184 15 7 -9 695 638 15 11 0 876 881 15 17--12 471 463 15 23 -8 445 427
15 3-•14 844 819 15 7 -8 245 197 15 11 1 617 654. 15 17-•11 85* 114 1 5 :23 -7 .449 436
15 3--13 230 293 • 15 7 -7 166* 194 15 11 2 190* 180 15 17--10 474 510 15 23 -6 416 349
15 3-■12 441 538 15 7 -6 696 574 15 11 3 443 441 15 17 -9 589 572 1 5 :23 -5 0 * 50
15 3--11 1084 1139 15 7 -5 956 905 15 11 4 362 383 15 17 -8 436 360 15 23 -4 0 * 45
15 3-■10 0* 166 15 7 -4 849 890 15 11 5 248 318 15 17 -7 369 365 1 5 :23 -3 470 432
15 3 -9 33* 59 15 7 -3 484 491 15 11 6 326 325 15 17 -6 553 549 15 23 -2 415 375
15 3 -8 941 773 15 7 -2 506 539 15 11 7 308 379 15 17 -5 447 467 1 5 :23 -1 301 342
15 3 -7 945 890 15 7 -1 514 548 15 13-21 221* 244 15 17 -4 239 127 15 23 0 360 355
15 3 -6 B5» 124 15 7 0 350 368 15 13-20 217* 220 15 17 -3 505 481 1 5 :23 1 271 336
15 3 -5 88* 147 15 7 1 211 261 15 13-19 110* 86 15 17 -2 547 571 15 25-■13 393 440
15 3 -4 1063 1172 15 7 2 303 285 15 13-18 383 420 15 17 -1 285 332 15 25-■12 148* 175
15 3 -3 425 488 15 7 3 346 421 15 13-17 663 644 15 17 0 196* 262 15 25-■11 264* 234
15 3 -2 270 314 15 7 4 114* 59 15 13-16 335 327 15 17 1 142* 131 15 25-•10 432 389
15 3 -1 779 808 15 7 5 285 309 15 13-15 739 773 15 17 2 568 528 15 25 -9 401 392
15 3 0 1142 1231 15 7 6 443 357 15 13-14 786 835 15 17 3 362 413 15 25 -8 419 384
15 3 1 638 670 15 7 7 281 237 15 13-13 273 271 15 17 4 137* 169 15 25 -7 428 386
15 3 2 539 609 15 7 8 237 252 15 13-12 516 544 15 17 5 162* 251 15 25 -6 410 418
15 3 3 443 502 15 9-22 406 454 15 13-11 314 304 15 19-■19 191* 213 15 25 -5 405 383
15 3 4 445 473 15 9-21 465 4B1 15 13-10 829 810 15 19-•18 280 325 15 25 -4 222* 228
15 3 5 477 377 15 9-20 450 420 15 13 -9 1095 1031 15 19-•17 219* 172 15 25 -3 167* 161
15 3 6 0* 157 15 9-19 511 503 15 13 -8 673 732 15 19-•16 0* 23 15 25 -2 377 413
15 3 7 250 258 15 9-18 0* 21 15 13 -7 663 746 15 19--15 179* 169 15 27 -9 320 369
15 3 8 437 475 15 9-17 449 438 15 13 -6 1097 1072 15 19-■14 513 545 15 27 -8 268 303
15 5--23 227 291 15 9-16 600 611 15 13 -5 858 832 15 19--13 291 288 15 27 -7 259 316
15 5-•22 299 310 15 9-15 552 540 15 13 -4 287 284 15 19-•12 301 256 15 27 -6 331 386
15 5--21 43* 82 15 9-14 266 313 15 13 -3 440 529 15 19-■11 229* 226 16 0--22 745 723
15 5-■20 0* 78 15 9-13 189* 229 15 13 -2 257 259 15 19-■10 296 328 16 0-■20 711 707
15 J"-19 558 515 15 9-12 394 380 15 13 -1 777 838 15 19 -9 B17 788 16 0--18 239 270
15 5-•18 253 214 15 9-11 599 621 15 13 0 739 759 15 19 -8 649 587 16 0-•16 992 997
15 5-■17 297 265 15 9-10 782 765 15 13 1 351 344 15 19 -7 628 578 16 0--14 1022 950
15 5-•16 817 803 15 9 -9 544 562 15 13 2 667 647 15 19 -6 802 763 16 0--12 1012 918
15 CJ*■15 898 885 15 9 -8 608 569 15 13 3 433 409 15 19 -5 350 344 16 0--10 1639 1533
15 cJ “•14 653 638 15 9 -7 617 544 15 13 4 42* 95 15 19 -4 0* 220 16 0 -8 4164 3733
15 5"■13 409 367 15 9 -6 536 571 15 13 5 190* 198 15 19 -3 269 276 16 0 -6 1652 1468
15 5-•12 828 846 15 9 -5 782 749 15 13 6 164* 247 15 19 -2 212* 295 16 0 -4 1006 1001
15 5*•11 625 586 15 9 -4 590 684 15 15-20 196* 238 15 19 - t 558 536 16 0 -2 952 932
15 5-■10 589 610 15 9 -3 426 404 15 15-19 63* 230 15 19 0 157* 125 16 0 0 936 1037
15 5 -9 489 523 15 9 -2 229 199 15 15-18 293 270 15 19 1 0* 14 16 0 2 296 266
15 5 -8 302 235 15 9 -1 313 295 15 15-17 694 655 15 19 2 183* 160 16 0 4 766 720
15 5 -7 279 261 15 9 0 532 525 15 15-16 968 903 15 19 3 237 317 16 0 6 764 699
15 5 -6 476 424 15 9 1 576 586 15 15-15 0* 56 15 19 4 175* 213 16 2--23 553 604
15 5 602 617 15 9 2 431 446 15 15-14 321 355 15 21--17 266 256 16 2--22 0 * 120
15 CJ -4 593 600 15 9 3 0* 33 15 15-13 961 986 15 21-•16 300 327 16 2--21 676 614
15 rj -3 773 802 15 9 4 527 474 15 15-12 392 367 15 21--15 257* 183 16 2--20 287 315
15 5 -2 372 449 15 9 5 461 417 15 15-11 345 355 15 21-•14 320 337 16 2--19 69B 747
15 5 -1 608 651 15 9 6 489 477 15 15-10 470 413 15 21-•13 683 603 16 2--18 105* 125
15 5 0 867 900 15 9 7 427 426 15 15 -9 391 398 15 21-•12 0* 96 16 2--17 510 523
15 5 1 797 787 15 11-22 363 387 15 15 -8 493 518 15 21-•11 0* 18 16 2--16 0* 3
15 5 2 311 277 15 11-21 375 353 15 15 -7 480 505 15 21-■10 328 247 16 2--15 1195 1201
15 J 3 256 216 15 11-20 310 318 15 15 -6 401 383 15 21 -9 274* 255 16 2--14 137* 2
15 5 4 553 495 15 11-19 358 391 15 15 -5 475 426 15 21 -8 688 654 16 2-■13 613 574
15 J J 147* 92 15 11-18 436 453 15 15 -4 370 358 15 21 -7 710 665 16 2--12 264 237
15 6 88* 74 15 11-17 0* 182 15 15 -3 367 327 15 21 -6 346 273 16 2--11 669 697
Ref le c t io iis flagged w ith an as te ris k were considered unobserved.
A28
Values of 10»Fobs and 10*Fcalc
H K L Fobs Fcalc H K L Fobs Fcalc H K L
16 2--10 94# 188 16 6 -2 25* 80 16 12-22
16 2 -9 1550 1345 16 6 -1 462 482 16 12-■21
16 2 -8 0 * 126 16 6 0 219 199 16 12--20
16 2 -7 1555 1310 16 6 1 520 556 16 12-■19
16 2 -6 119* 88 16 6 2 0* 179 16 12--18
16 2 -3 63B 64B 16 6 3 597 593 16 12-■17
16 2 -4 163# 303 16 6 4 136* 39 16 12--16
16 2 -3 574 611 16 6 5 100* 30 16 12-■15
16 2 -2 116# 30 16 6 6 60* 37 16 12--14
16 2 -1 1114 1182 16 6 7 266 319 16 12-■13
16 2 0 0# 29 16 8--23 80* 11 16 12--12
16 2 1 494 515 16 8--22 481 505 16 12--11
16 2 2 0* 90 16 8--21 156* 128 16 12--10
16 2 3 695 739 16 8-•20 274 250 16 12 -9
16 2 4 269 295 16 8--19 0* 98 16 12 -8
16 2 5 67B 605 16 8-■18 645 683 16 12 -7
16 2 6 80# 92 16 8--17 20* 20 16 12 -6
16 2 7 569 578 16 8-■16 652 679 16 12 -5
16 4 -23 0* 1 * 16 8--15 91* 188 16 12 -4
16 4-•22 171# 161 16 8-•14 314 395 16 12 -3
16 4 -21 0# 40 16 8-■13 225 204 16 12 -2
16 4-■20 777 743 16 8- 12 688 695 16 12 -1
16 4 -19 0# 271 16 8--11 295 264 16 12 0
16 4-■IB 578 537 16 8-■10 773 831 16 12 1
16 4--17 67# 134 16 8 -9 0* 81 16 12 2
16 4--16 1009 1030 16 8 -8 1299 1234 16 12 3
16 4-■15 136# 209 16 8 -7 0* 100 16 12 4
16 4-•14 350 383 16 8 -6 780 834 16 12 5
16 4--13 333 309 16 8 -5 248 310 16 12 6
16 4-•12 1022 1002 16 8 -4 679 694 16 14-■21
16 4--11 0* 29 16 8 -3 214 184 16 14--20
16 4-■10 364 306 16 8 -2 351 443 16 14--19
16 4 -9 342 273 16 8 -1 218 191 16 14--18
16 4 -8 1044 1125 16 8 0 603 634 16 14-■17
16 4 -7 338 302 16 8 1 0* 28 16 14--16
16 4 -6 349 350 16 8 2 620 675 16 14-•15
16 4 -5 0# 78 16 8 3 88* 97 16 14--14
16 4 -4 973 1022 16 8 4 280 239 16 14-■13
16 4 -3 302 294 16 8 J 0* 120 16 14--12
16 4 -2 285 382 16 8 6 468 508 16 14-:11
16 4 -1 140# 182 16 8 7 0* 8 16 14--10
16 4 0 959 994 16 10-•22 0* 34 16 14 -9
16 4 1 0# 114 16 10-21 596 594 16 14 -8
16 4 2 547 536 16 10-20 0* 129 16 14 -7
16 4 3 232 263 16 10--19 537 518 16 14 -6
16 4 4 756 726 16 10-•18 0* 130 16 14 - J
16 4 5 0* 34 16 10-■17 803 792 16 14 -4
16 4 6 71# 139 16 10-•16 317 254 16 14 -3
16 4 7 0# 6 16 10-•15 651 709 16 14 -2
16 6-■23 313 347 16 10-■14 0* 95 16 14 -1
16 6--22 92* 25 16 10--13 507 518 16 14 0
16 6-•21 0# 27 16 10- 12 84* 82 16 14 1
16 6-•20 0# 37 16 10-•11 838 840 16 14 2
16 6-•19 581 607 16 10-■10 277 284 16 14 3
16 6-■18 0* 169 16 10 -9 925 898 16 14 4
16 6-•17 538 583 16 10 -8 0* 28 16 14 5
16 6--16 210# 233 16 10 -7 908 895 16 16-■20
16 6-■15 456 516 16 10 -6 270 323 16 16- 19
16 6-■14 0* 111 16 10 -5 853 846 16 16-•18
16 6-•13 444 533 16 10 -4 0* 126 16 16-■17
16 6-•12 218 151 16 10 -3 496 530 16 16--16
16 6-•11 888 876 16 10 -2 51* 36 16 16-•15
16 6--10 0* 72 16 10 -1 656 694 16 16-■14
16 6 -9 963 918 16 10 0 264 270 16 16-■13
16 6 -8 0# 41 16 10 1 752 764 16 16-■12
16 6 -7 976 891 16 10 2 0* 124 16 16- 11
16 6 -6 0# 54 16 10 3 489 503 16 16-■10
16 6 -5 896 883 16 10 4 154* 133 16 16 -9
16 6 -4 195 140 16 10 5 533 583 16 16 -8
16 6 -3 412 453 16 10 6 68* 52 16 16 -7
Fobs Fcalc H K L Fobs Fcalc H K L
Page 19 
Fobs Fcalc
367 4B1 16 16 -6 661 617 16 22 -1 395 418
0 * 87 16 16 -5 84* 70 16 22 0 0* 3
370 346 16 16 -4 349 342 16 24-14 602 667
0 * 112 16 16 -3 256 150 16 24-13 0* 147
616 624 16 16 -2 623 634 16 24-12 440 405
136* 161 16 16 -1 227* 162 16 24-11 0* 106
666 698 16 16 0 815 782 16 24-10 192* 286
124* 24 16 16 1 0* 109 16 24 -9 0* 124
884 900 16 16 2 586 618 16 24 -8 579 489
66* 108 16 16 3 0 * 21 16 24 -7 272* 131
751 709 16 16 4 251 238 16 24 -6 354 300
0* 25 16 18-19 281 289 16 24 -5 0* 90
1506 1493 16 18-18 23* 49 16 24 -4 386 395
0* 122 16 18-17 338 339 16 24 -3 0* 154
355 373 16 18-16 99* 51 16 24 -2 572 644
0* 116 16 18-15 679 668 16 26-11 410 470
1491 1475 16 18-14 0* 47 16 26-10 0* 24
0* 14 16 18-13 295 305 16 26 -9 477 472
781 745 16 18-12 0* 29 16 26 -8 0 * 2
0* 96 16 18-11 484 452 16 26 -7 489 501
874 871 16 18-10 119* 2 16 26 -6 67* 31
118* 37 16 18 -9 855 801 16 26 -5 339 457
679 711 16 IB -8 74* 5 17 1-24 200 257
0* 160 16 18 -7 836 778 17 1-23 277 268
580 603 16 18 -6 0* 35 17 1-22 475 465
0* 95 16 18 -5 503 460 17 1-21 517 538
295 345 16 18 -4 0* 29 17 1-20 478 444
0* 82 16 18 -3 290 289 17 1-19 257 242
370 483 16 IB -2 109* 54 17 1-18 84* 133
292 375 16 18 -1 655 661 17 1-17 431 507
44* 59 16 18 0 0* 88 17 1-16 546 627
258* 257 16 18 1 321 319 17 1-15 601 631
31* 22 16 18 2 0* 37 17 1-14 855 819
982 951 16 18 3 295 299 17 1-13 655 695
68* 42 16 20-18 20* 264 17 1-12 351 297
693 739 16 20-17 0* 75 17 1-11 146* 202
104* 84 16 20-16 0* 274 17 1-10 874 805
785 763 16 20-15 0* 176 17 1 -9 1986 1639
182* 256 16 20-14 749 719 17 1 -8 1962 1816
752 790 16 20-13 279* 159 17 1 -7 883 838
248 164 16 20-12 0* 96 17 1 -6 0 * 171
612 619 16 20-11 145* 83 17 1 -5 324 324
0* 15 16 20-10 777 682 17 1 -4 640 680
593 609 16 20 -9 0* 46 17 1 -3 765 833
148* 125 16 20 -8 740 689 17 1 -2 527 598
800 799 16 20 -7 0 * 23 17 1 -1 562 592
274 260 16 20 -6 743 681 17 1 0 389 505
778 742 16 20 -5 0* 87 17 1 1 91 * 127
152* 125 16 20 -4 0 * 95 17 1 2 210* 258
713 724 16 20 -3 0* 181 17 1 3 465 472
121* 25 16 20 -2 736 729 17 1 4 512 532
974 939 16 20 -1 24* 193 17 1 5 442 436
177* 50 16 20 0 221* 245 17 1 6 199* 251
290 262 16 20 1 0 * 60 17 1 7 220 254
150* 56 16 20 2 180* 270 17 3-23 258 273
274 376 16 22-16 0* 6 17 3-22 0 * 87
247 233 16 22-15 404 422 17 3-21 402 409
0* 31 16 22-14 0* 66 17 3-20 626 617
671 622 16 22-13 744 694 17 3-19 542 518
0* 88 16 22-12 0* 71 17 3-18 455 393
848 797 16 22-11 0* 21 17 3-17 433 414
32* 164 16 22-10 0* 50 17 3-16 864 933
631 656 16 22 -9 559 454 17 3-15 976 980
0* 176 16 22 -8 0* 9 17 3-14 303 396
335 344 16 22 -7 524 471 17 3-13 371 401
112* 116 16 22 -6 0* 66 17 3-12 693 724
613 619 16 22 -5 0* 21 17 3-11 59* 120
0* 93 16 22 -4 0* 78 17 3-10 4B9 516
400 428 16 22 -3 738 692 17 3 -9 843 786
0* 71 16 22 -2 20* 72 17 3 -8 841 736
Ref lections flagged with an as te r is t  were considered unobserved.
A29
Values o f 10*Fobs and 10*Fcalc Page 20
H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc
17 3 -7 494 473 17 7 3 106* 92 17 13-13 435 422 17 19-17 0* 155 18 0 -4 1571 1482
17 3 -6 0 * 168 17 7 4 67* 35 17 13-12 418 ' 355 17 19-16 167* 309 18 0 -2 586 708
17 3 -5 654 704 17 7 5 181* 191 17 13-11 730 700 17 19-15 400 359 18 0 0 249 319
17 3 -4 333 390 17 7 6 172* 235 17 13-10 1004 959 17 19-14 0* 36 18 0 2 585 605
17 3 -3 324 328 17 9-23 290 387 17 13 -9 385 393 17 19-13 101* 147 18 0 4 487 452
17 3 -2 907 1002 17 9-22 440 458 17 13 -B 322 393 17 19-12 436 401 18 0 6 350 444
17 3 -1 835 896 17 9-21 344 376 17 13 -7 1015 951 17 19-11 552 560 18 2-24 0* 34
17 3 0 411 393 17 9-20 115* 137 17 13 -6 738 741 17 19-10 687 646 18 2-23 313 308
17 3 1 419 413 17 9-19 236* 198 17 13 -5 430 379 17 19 -9 219* 243 18 2-22 0* 23
17 3 2 511 517 17 9-18 577 580 17 13 -4 474 423 17 19 -8 265* 234 18 2-21 669 639
17 3 3 630 589 17 9-17 588 603 17 13 -3 517 542 17 19 -7 666 635 18 2-20 43* 199
17 3 4 494 403 17 9-16 440 438 17 13 -2 919 929 17 19 -6 582 576 18 2-19 560 541
17 3 5 0* 97 17 9-15 286 156 17 13 -1 721 690 17 19 -5 462 417 18 2-18 149* 2
17 3 6 214* 258 17 9-14 489 525 17 13 0 365 356 17 19 -4 121* 124 18 2-17 678 696
17 5-23 337 330 17 9-13 634 644 17 13 1 391 407 17 19 -3 0 * 52 18 2-16 0 * 42
17 5-22 76* 129 17 9-12 67* 91 17 13 2 0* 261 17 19 -2 332 354 18 2-15 1129 1162
17 5-21 117* 51 17 9-11 430 425 17 13 3 226 170 17 19 -1 331 309 18 2-14 159* 78
17 5-20 660 633 *  17 9-10 190* 223 17 13 4 220 227 17 19 0 149* 135 18 2-13 1126 1057
17 5-19 543 560 17 9 -9 977 970 17 15-21 242 252 17 19 1 0* 175 18 2-12 0* 52
17 5-18 333 401 17 9 -8 991 947 17 15-20 0* 164 17 19 2 162* 207 18 2-11 280 422
17 5-17 541 567 17 9 -7 212 228 17 15-19 283 337 17 21-17 59* 243 18 2-10 74* 104
17 5-16 778 867 17 9 -6 462 466 17 15-18 548 544 17 21-16 278 206 18 2 -9 1611 1481
17 5-15 429 450 17 9 -5 0* 132 17 15-17 770 756 17 21-15 355 400 18 2 -8 78* 153
17 5-14 319 358 17 9 -4 657 658 17 15-16 452 504 17 21-14 560 519 18 2 -7 318 417
17 5-13 657 658 17 9 -3 469 492 17 15-15 332 337 17 21-13 0* 18 18 2 -6 0 * 12
17 5-12 533 565 17 9 -2 162* 174 17 15-14 610 608 17 21-12 118* 15 18 2 -5 1080 1032
17 5-11 771 768 17 9 -1 427 420 17 15-13 393 424 17 21-11 435 381 18 2 -4 0 * 57
17 5-10 488 513 17 9 0 539 577 17 15-12 507 535 17 21-10 433 329 18 2 -3 986 1139
17 5 -9 823 754 17 9 1 547 552 17 15-11 80S 756 17 21 -9 345 299 18 2 -2 16* 95
17 5 -B 838 727 17 9 2 200* 210 17 15-10 293 323 17 21 -8 380 311 18 2 -1 614 694
17 5 -7 484 474 17 9 3 0* 152 17 15 -9 345 275 17 21 -7 386 337 18 2 0 0 * 7
17 5 -6 736 743 17 9 4 406 366 17 15 -8 303 277 17 21 -6 398 386 18 2 1 525 537
17 5 -5 515 492 17 9 5 422 433 17 15 -7 326 348 17 21 -5 0* 16 18 2 2 0* 203
17 5 -4 620 672 17 9 6 305 384 17 15 -6 794 780 17 21 -4 0* 24 18 2 3 659 623
17 5 -3 278 346 17 11-22 380 446 17 15 -5 539 552 17 21 -3 540 526 18 2 4 0* 58
17 5 -2 413 469 17 11-21 325 294 17 15 -4 415 421 17 21 -2 405 402 18 2 5 286 296
17 5 -1 794 841 17 11-20 298 260 17 15 -3 601 592 17 21 -1 202* 194 18 2 6 0 * 27
17 5 0 498 570 17 11-19 214* 254 17 15 -2 31B 307 17 21 0 195* 214 IB 4-23 0 * 142
17 5 1 352 398 17 11-18 221* 273 17 15 -1 529 494 17 23-15 379 450 18 4-22 0 * 73
17 5 2 523 544 17 11-17 353 409 17 15 0 786 745 17 23-14 465 506 18 4-21 219* 200
17 5 3 647 603 17 11-16 442 493 17 15 1 545 548 17 23-13 406 390 18 4-20 798 764
17 5 4 66* 34 17 11-15 822 889 17 15 2 299 319 17 23-12 237* 16 18 4-19 54* 21
17 5 5 0* 117 17 11-14 503 551 17 15 3 82* 162 17 23-11 0* 19 18 4-18 511 522
17 5 6 253 321 17 11-13 0* 25 17 15 4 115* 262 17 23-10 354 287 18 4-17 0 * 9
17 7-23 243 250 17 11-12 313 277 17 17-20 0* 163 17 23 -9 334 326 18 4-16 1083 1130
17 7-22 91* 178 17 11-11 434 476 17 17-19 0* 236 17 23 -8 367 317 16 4-15 293 281
17 7-21 0* 31 17 11-10 873 883 17 17-18 468 488 17 23 -7 314 308 18 4-14 916 940
17 7-20 0* 82 17 11 -9 492 491 17 17-17 503 563 17 23 -6 144* 14 18 4-13 60* 120
17 7-19 490 538 17 11 -8 506 498 17 17-16 341 386 17 23 -5 60* 16 18 4-12 780 761
17 7-18 593 599 17 11 -7 847 864 17 17-15 151* 98 17 23 -4 378 386 IB 4-11 0 * 38
17 7-17 502 527 17 11 -6 458 504 17 17-14 206* 152 17 23 -3 421 491 IB 4-10 383 309
17 7-16 200* 173 17 11 -5 382 327 17 17-13 449 447 17 23 -2 420 444 18 4 -9 33 * 14
17 7-15 272 335 17 11 -4 54* 20 17 17-12 660 645 17 25-12 315 282 18 4 -8 373 446
17 7-14 343 295 17 11 -3 534 517 17 17-11 581 587 17 25-11 0* 206 18 4 -7 110* 55
17 7-13 479 441 17 11 -2 797 870 17 17-10 420 392 17 25-10 226* 299 18 4 -6 724 697
17 7-12 840 B64 17 11 -1 429 462 17 17 -9 294 248 17 25 -9 442 436 18 4 -5 0 * 83
17 7-11 311 302 17 11 0 357 379 17 17 -8 0* 251 17 25 -8 487 450 18 4 -4 856 955
17 7-10 768 763 17 11 I 252 270 17 17 -7 423 397 17 25 -7 288 299 18 4 -3 187 304
17 7 -9 700 729 17 11 2 235 259 17 17 -6 604 593 17 25 -6 0* 210 18 4 -2 995 1104
17 7 -8 719 731 17 11 3 247 268 17 17 -5 634 645 17 25 -5 272 276 18 4 -1 0 *
17 7 -7 771 749 17 11 4 286 297 17 17 -4 495 462 18. 0-24 354 470 18 4 0 457 520
17 7 -6 281 291 17 11 5 369 422 17 17 -3 96* 109 18 0-22 450 460 18 4 1 0 * 21
17 7 -5 837 846 17 13-21 183* 247 17 17 -2 124* 110 18 0-20 623 624 18 4 2 748 752
17 7 -4 460 462 17 13-20 0* 175 17 17 -1 362 381 18 0-18 218* 320 18 4 3 198* 176
17 7 -3 329 324 17 13-19 247* 241 17 17 0 563 cr cJJJ 18 0-16 655 700 18 4 4 0* 79
17 7 -2 264 279 17 13-18 431 404 17 17 1 45B 45 5 ' IB 0-14 1541 1568 18 4 5 30* 150
17 7 -1 50* 208 17 13-17 32 B 372 17 17 2 171* 227 18 0-12 449 532 18 6-23 254 259
17 7 0 475 539 17 13-16 721 725 17 17 3 0* 179 IB 0-10 1633 14B5 18 6 - 2 2 99* 45
17 7 1 5B3 575 17 13-15 891 947 17 19-19 174* 198 18 0 -8 1627 1356 18 6-21 138* 173
17 520 514 17 13-14 547 538 17 19-18 95* 200 18 0 -6 462 538 18 6-20 0* 6S
Reflections flagged with an asterisV were considered unobserved.
A30
Values of 10*Fobs and 10*Fcalc
H K L Fobs Fcalc H K L Fobs Fcalc H K L
IB 6-19 418 447 18 10 -6 314 329 18 16-13
IB 6-18 249 271 18 10 -5 0* 155 IB 16-12
18 6-17 584 592 18 10 -4 505 491 18 16-11
IB 6-16 220* 241 18 10 -3 331 430 18 16-10
18 6-15 756 800 18 10 -2 263 239 18 16 -9
IB 6-14 67* 46 18 10 -1 767 805 18 16 -8
18 6-13 966 989 18 10 0 64* 8 18 16 -7
18 6-12 257 231 18 10 1 381 367 18 16 -6
IB 6-11 559 533 18 10 2 0* 39 18 16 -5
IB 6-10 0* 110 IB 10 3 402 484 IB 16 -4
18 6 -9 440 425 18 10 4 79* 22 18 16 -3
18 6 -8 0* 74 18 12-22 310 395 IB 16 -2
18 6 -7 541 572 18 12-21 0* 38 18 16 -1
18 6 -6 279 271 18 12-20 380 401 18 16 0
18 6 -5 903 982 18 12-19 0* 21 18 16 1
18 6 -4 0* 9 18 12-1B 629 600 IB 16 2
18 6 -3 698 791 18 12-17 183* 208 18 18-19
18 6 -2 209 223 « 18 12-16 1010 1008 18 18-18
18 6 -1 524 604 18 12-15 52* 148 18 18-17
IB 6 0 282 266 18 12-14 218* 177 18 18-16
18 6 1 444 439 18 12-13 0* 108 18 18-15
18 6 2 0* 46 18 12-12 751 757 18 18-14
18 6 3 0* 205 18 12-11 74* 69 18 18-13
IB 6 4 21* 27 18 12-10 1253 1269 18 18-12
18 6 5 226 240 18 12 -9 0* 20 18 18-11
18 8-23 127* 130 18 12 -8 1221 1244 18 18-10
16 8-22 494 500 18 12 -7 0* 71 18 18 -9
18 8-21 158* 190 18 12 -6 736 785 18 18 -8
18 8-20 236* 168 18 12 -5 92* 84 18 18 -7
IB 8-19 0* 37 18 12 -4 140* 149 IB 18 -6
18 8-18 621 630 18 12 -3 65* n o 18 18 -5
18 8-17 102* 111 18 12 -2 997 1006 18 18 -4
18 8-16 456 448 18 12 -1 173* 202 18 18 -3
18 8-15 81* 156 IB 12 0 610 603 18 18 -2
18 8-14 701 699 18 12 1 29* 32 18 IB -1
18 8-13 360 409 18 12 2 351 394 18 18 0
18 8-12 453 456 18 12 3 86* 20 18 18 1
18 8-11 216* 175 18 12 4 313 373 IB 20-18
18 8-10 952 939 18 14-21 240 230 18 20-17
18 8 -9 0* 4 18 14-20 0* 11 IB 20-16
18 8 -8 960 913 18 14-19 643 629 18 20-15
IB 8 -7 0* 154 IB 14-18 0* 109 IB 20-14
IB 8 -6 460 435 18 14-17 858 844 18 20-13
18 8 -5 402 414 IB 14-16 103* 167 18 20-12
18 8 -4 679 705 18 14-15 527 540 18 20-11
18 8 -3 171* 179 18 14-14 274* 356 18 20-10
18 8 -2 438 422 18 14-13 550 602 18 20 -9
18 8 -1 0* 110 18 14-12 290 197 IB 20 -8
18 8 0 593 592 18 14-11 962 908 18 20 -7
18 8 1 0* 6 18 14-10 17* 52 18 20 -6
18 8 2 205* 185 18 14 -9 682 657 18»20 -5
18 8 3 0* 157 18 14 -8 0* 61 18 20 -4
18 8 4 434 490 18 14 -7 968 913 18 20 -3
18 8 5 0* 122 IB 14 -6 178* 185 18 20 -2
18 10-22 0* 23 18 14 -5 600 578 18 20 -1
IB 10-21 546 490 18 14 -4 379 344 18 20 0
IB 10-20 80* 38 18 14 -3 508 543 18 22-16
18 10-19 379 380 IB 14 -2 0* 148 18 22-15
18 10-18 0* 30 18 14 -1 874 859 18 22-14
18 10-17 769 842 18 14 0 18* 122 IB 22-13
18 10-16 262 241 18 14 1 602 629 18 22-12
18 10-15 430 441 18 14 2 127* 48 IB 22-11
18 10-14 499 519 18 14 3 133* 213 18 22-10
18 10-13 179* 142 18 16-20 190* 273 18 22 -9
18 10-12 329 343 18 16-19 67* 85 18 22 -8
18 10-11 864 904 18 16-18 929 916 18 22 -7
18 10-10 139* 95 18 16-17 0* 126 18 22 -6
18 10 -9 1424 1390 18 16-16 213* 260 18 22 -5
18 10 -8 139* 148 18 16-15 0* 68 18 22 -4
18 10 -7 866 888 18 16-14 511 conJib 18 22 -3
Fobs Fcalc H K L Fobs Fcalc H K L
Page 21 
Fobs Fcalc
0* 119 18 22 -2 0* 17 19 5-23 0* 136
767 722 18 24-13 0* 31 19 5-22 104* 160
196* 168 18 24-12 253* 186 19 5-21 324 340
451 422 18 24-11 0* 3 19 5-20 317 310
0* 3 18 24-10 561 508 19 5-19 449 448
424 404 18 24 -9 0* 4 19 5-18 369 414
97* 146 18 24 -8 477 507 19 5-17 441 417
799 722 18 24 -7 0 * 17 19 5-16 378 436
0* 128 18 24 -6 244* 209 19 5-15 653 681
513 515 18 24 -5 35* 30 19 5-14 330 372
83* 34 19 1-24 356 459 19 5-13 0 * 110
238* 276 19 1-23 200* 239 19 5-12 568 648
0* 102 19 1-22 70* 204 19 5-11 157* 189
968 896 19 1-21 525 498 19 5-10 425 461
0* 55 19 1-20 459 483 19 5 -9 454 451
212 265 19 1-19 256 334 19 5 -8 0 * 150
378 419 19 1-18 301 311 19 5 -7 582 596
0* 60 19 1-17 585 555 19 5 -6 111* 152
345 337 19 1-16 716 731 19 J ~J 341 365
0 * 53 19 1-15 840 812 19 5 -4 593 633
309 233 19 1-14 765 724 19 5 -3 349 452
0* 115 19 1-13 588 561 19 5 -2 405 401
544 486 19 1-12 355 348 19 5 - I 349 383
158* 109 19 1-11 726 638 19 5 0 447 435
890 865 19 1-10 1381 1294 19 5 1 212* 288
0* 112 19 1 - 9 1400 1339 19 5 2 359 361
310 319 19 1 -8 732 808 19 5 3 118* 180
0 * 114 19 1 -7 297 353 19 5 4 82* 115
932 851 19 1 -6 573 565 19 7-23 141* 236
131* 122 19 1 -5 701 765 19 7-22 141* 164
501 502 19 1 -4 775 815 19 7-21 118* 148
0* 155 19 1 -3 598 709 19 7-20 0* 187
280 232 19 1 -2 521 524 19 7-19 399 374
0* 46 19 1 -1 237 306 19 7-18 549 565
365 321 19 1 0 241 334 19 7-17 407 424
0* 68 19 1 1 414 464 19 7-16 507 520
286 392 19 1 2 502 486 19 7-15 256 186
191* 270 19 1 3 221* 219 19 7-14 270 227
101* 23 19 1 4 296 250 19 7-13 534 562
384 366 19 1 5 377 440 19 7-12 0* 97
0* 21 19 3-24 195* 237 19 7-11 913 947
142* 192 19 3-23 0* 155 19 7-10 539 601
0* 110 19 3-22 407 382 19 7 -9 559 573
596 529 19 3-21 450 420 19 7 -8 917 947
0* 86 19 3-20 567 536 19 7 -7 0* 88
664 601 19 3-19 390 368 19 7 -6 563 584
0* 17 19 3-18 425 430 19 7 -5 273 235
705 607 19 3-17 530 540 19 7 -4 146* 197
91* 107 19 3-16 634 651 19 7 -3 430 494
572 542 19 3-15 575 620 19 7 -2 420 395
125* 125 19 3-14 736 717 19 7 -1 473 544
186* 208 19 3-13 492 478 19 7 0 323 351
98* 9 19 3-12 161* 152 19 7 1 174* 181
337 339 19 3-11 448 415 19 7 2 0 * 167
0* 14 19 3-10 668 672 19 7 3 181* 171
217 240 19 3 -9 657 694 19 7 4 0* 219
72* 31 19 3 -8 457 386 19 9-23 226 276
478 478 19 3 -7 188* 204 19 9-22 339 363
0* 58 19 3 -6 483 444 19 9-21 277 221
124* 168 19 3 -5 666 710 19 9-20 313 298
0* 92 19 3 -4 544 623 19 9-19 402 354
332 275 19 3 -3 527 617 19 9-18 383 415
0* 163 19 3 -2 490 533 19 9-17 746 736
598 545 19 3 -1 392 426 19 9-16 198* 314
0* 152 19 3 0 352 329 19 9-15 237* 199
434 295 19 3 1 545 553 19 9-14 249 297
63* 96 19 3 2 423 424 19 9-13 185* 96
0* 177 19 3 3 369 372 19 9-12 894 909
0* 54 19 3 4 0* 141 19 9-11 424 473
439 463 19 3 5 219 236 19 9-10 720 673
Reflections flaqqed with an aste r isk were considered unobserved.
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19 9 -9 733 679 19 15-17 334 298 19 21 -7 136* 181 20 4-14 210* 285 20 8 1 0* 11
19 9 -8 483 470 19 15-16 385 319 19 21 -6 250* 224 20 4-13 414 467 20 8 2 255 303
19 9 -7 874 892 19 15-15 481 426 19 21 -5 231* 241 20 4-12 835 790 20 8 3 65* 29
19 9 -6 182* 102 19 15-14 443 445 19 21 -4 317 314 20 4-11 0* 75 20 10-22 146* 85
19 9 -5 265 305 19 15-13 286* 390 19 21 -3 238* 213 20 4-10 729 747 20 10-21 372 344
19 9 -4 170* 216 19 15-12 414 437 19 21 -2 210* 287 20 4 -9 118* 77 20 10-20 0* 51
19 9 -3 261 289 19 15-11 330 312 19 23-14 270* 346 20 4 -8 839 833 20 10-19 575 556
19 9 -2 690 763 19 15-10 329 358 19 23-13 254* 178 20 4 -7 410 432 20 10-18 0* 46
19 9 -1 384 413 19 15 -9 394 365 19 23-12 0* 74 20 4 -6 308 299 20 10-17 673 631
19 9 0 349 343 19 15 -B 396 305 19 23-11 329 260 20 4 -5 0 * 192 20 10-16 67* 171
19 9 1 282 291 19 15 -7 517 433 19 23-10 199* 285 20 4 -4 582 636 20 10-15 319 276
19 9 2 201* 209 19 15 -6 375 363 19 23 -9 293* 275 20 4 -3 137* 149 20 10-14 0 * 88
19 9 3 295 359 19 15 -5 467 428 19 23 -8 217* 229 20 4 -2 735 822 20 10-13 685 686
19 9 4 221 282 19 15 -4 391 424 19 23 -7 0* 98 20 4 -1 0* 49 20 10-12 294 301
19 11-22 182* 288 19 15 -3 369 301 19 23 -6 86* 187 20 4 0 606 669 20 10-11 608 611
19 11-21 322 365 19 15 -2 323 319 19 23 -5 241* 334 20 4 1 25* 106 20 10-10 0* 12
19 11-20 294 217 19 15 -1 558 558 20 0-24 445 560 20 4 2 383 440 20 10 -9 575 612
19 11-19 299 199 * 19 15 0 583 601 20 0-22 663 613 20 4 3 0* 58 20 10 -8 282 297
19 11-18 611 626 19 15 1 162* 297 20 0-20 360 349 20 4 4 148* 181 20 10 -7 672 701
19 11-17 572 570 19 15 2 0* 63 20 0-18 469 461 20 6-23 49* 97 20 10 -6 166* 99
19 11-16 547 556 19 17-20 193* 308 20 0-16 654 712 20 6-22 101* 80 20 10 -5 336 299
19 11-15 103* 204 19 17-19 394 426 20 0-14 656 637 20 6-21 541 453 20 10 -4 0* 149
19 11-14 110* 197 19 17-18 329 331 20 0-12 576 645 20 6-20 73* 59 20 10 -3 593 601
19 11-13 894 883 19 17-17 119* 214 20 0-10 2453 2373 20 6-19 726 756 20 10 -2 132* 38
19 11-12 639 615 19 17-16 345 319 20 0 -8 543 579 20 6-18 89* 138 20 10 -1 532 544
19 11-11 702 637 19 17-15 352 345 20 0 -6 624 678 20 6-17 518 487 20 10 0 0* 43
19 11-10 579 542 19 17-14 295* 247 20 0 -4 615 682 20 6-16 299 324 20 10 1 309 346
19 11 -9 559 557 19 17-13 118* 188 20 0 -2 438 450 20 6-15 386 353 20 10 2 0* 72
19 11 -8 693 639 19 17-12 459 387 20 0 0 321 330 20 6-14 421 452 20 10 3 315 467
19 11 -7 607 623 19 17-11 498 517 20 0 2 608 648 20 6-13 952 1003 20 12-22 230 308
19 11 -6 910 871 19 17-10 339 345 20 0 4 425 511 20 6-12 0 * 152 20 12-21 0* 3
19 1 1 - 5 0* 198 19 17 -9 404 314 20 2-24 206* 225 20 6-11 752 817 20 12-20 333 260
19 11 -4 206* 197 19 17 -8 569 503 20 2-23 420 443 20 6-10 0* 16 20 12-19 0* 24
19 11 -3 563 55B 19 17 -7 405 37B 20 2-22 226* 244 20 6 -9 754 851 20 12-18 876 857
19 11 -2 521 563 19 17 -6 0* 172 20 2-21 709 652 20 6 -8 0* 155 20 12-17 0* 7
19 11 -1 567 625 19 17 -5 304 241 20 2-20 196* 120 20 6 -7 956 992 20 12-16 727 733
19 11 0 278 196 19 17 -4 264* 338 20 2-19 478 468 20 6 -6 433 434 20 12-15 0* 78
19 11 1 0* 214 19 17 -3 343 309 20 2-18 147* 127 20 6 -5 303 335 20 12-14 503 487
19 11 2 382 361 19 17 -2 0* 215 20 2-17 862 874 20 6 -4 302 350 20 12-13 0* 84
19 11 3 243 285 19 17 -1 346 317 20 2-16 0* 58 20 6 -3 412 477 20 12-12 810 776
19 13-22 178* 205 19 17 0 330 432 20 2-15 493 553 20 6 -2 0* 120 20 12-11 0* 88
19 13-21 210* 176 19 17 1 216 29B 20 2-14 60* 55 20 6 -1 666 744 20 12-10 705 647
19 13-20 0* 219 19 19-18 0* 152 20 2-13 375 392 20 6 0 127* 62 20 12 -9 0* 105
19 13-19 417 380 19 19-17 0* 189 20 2-12 235 200 20 6 1 424 433 20 12 -8 787 790
19 13-18 495 525 19 19-16 240* 323 20 2-11 1462 1349 20 6 2 0* 78 20 12 -7 0 * 88
19 13-17 665 650 19 19-15 301* 286 20 2-10 0* 10 20 6 3 43* 104 20 12 -6 493 504
19 13-16 268* 283 19 19-14 0* 175 20 2 -9 1404 1372 20 8-23 141* 13 20 12 -5 156* 80
19 13-15 286 339 19 19-13 204* 222 20 2 -8 247 215 20 8-22 266 300 20 12 -4 691 716
19 13-14 621 678 19 19-12 515 420 20 2 -7 385 411 20 8-21 0* 23 20 12 -3 0 * 9
19 13-13 633 684 19 19-11 676 582 20 2 -6 0* 93 20 8-20 543 516 20 12 -2 826 822
19 13-12 588 548 19 19-10 546 456 20 2 -5 500 580 20 8-19 0* 121 20 12 -1 101* 30
19 13-11 512 516 19 19 -9 544 467 20 2 -4 0* 1 20 8-18 622 658 20 12 0 257 266
19 13-10 490 456 19 19 -8 613 551 20 2 -3 725 837 20 8-17 65* 138 20 12 1 140* 7
19 13 -9 424 432 19 19 -7 499 396 20 2 -2 146* 107 20 8-16 0* 31 20 12 2 183* 301
19 13 -8 546 525 19 19 -6 302 235 20 2 -1 354 451 20 8-15 328 329 20 14-21 91* 239
19 13 -7 565 553 19 19 -5 0* 176 20 2 0 47* 86 20 8-14 727 833 20 14-20 66* 12
19 13 -6 676 668 19 19 -4 289 283 20 2 1 650 654 20 8-13 131* 162 20 14-19 696 691
19 13 -5 648 635 19 19 -3 353 331 20 2 2 0* 212 20 8-12 612 630 20 14-18 44* 31
19 13 -4 333 321 19 19 -2 115* 167 20 2 3 391 433 20 8-11 220* 276 20 14-17 846 782
19 13 -3 334 308 19 19 -1 139* 152 20 2 4 93* 209 20 8-10 719 717 20 14-16 92* 48
19 13 -2 606 632 19 21-17 248 295 20 4-24 0* 185 20 8 -9 197* 279 20 14-15 773 768
19 13 -1 550 527 19 21-16 83* 224 20 4-23 0* 40 20 8 -8 601 638 20 14-14 61* 61
19 13 0 397 376 19 21-15 311* 303 20 4-22 475 451 20 8 -7 157* 133 20 14-13 645 601
19 13 1 240 212 19 21-14 277* 231 20 4-21 0* 94 20 8 -6 752 800 20 14-12 0* 147
19 13 2 59* 184 19 21-13 198* 229 20 4-20 718 693 20 8 -5 214* 280 20 14-11 599 577
19 13 3 185 202 19 21-12 284* 187 20 4-19 0* 59 20 B -4 0* 27 20 14-10 61* 5
19 15-21 82* 67 19 21-11 315* 167 20 4-18 826 845 20 8 -3 0* 150 20 14 -9 570 585
19 15-20 287 274 19 21-10 567 532 20 4-17 117* 133 20 B -2 543 649 20 14 -8 0* 144
19 13-19 616 616 1? 2! -9 592 504 20 4-16 658 663 20 8 -1 0* ioa 20 14 -7 641 610
19 15-18 C7TJ J ' 572 19 21 -8 192* 165 20 4-15 0* 204 20 8 0 493 505 20 14 -6 154* 66
R e H e c t  i o n e  < l a n c e d  a i t h an a s t e r i s V * e r e c o n s i d e r e d  u n o b s e r v e d .
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20 14 -5 765 758 20 22 -7 0* 26 21 5-12 134* 41 21 11-20 129* 200 21 17-15 133* 364
20 14 -4 0* 41 20 22 -6 0* 64 21 5-11 245 240 21 11-19 534 530 21 17-14 391 379
20 14 -3 B02 756 20 22 -5 386 4B0 21 5-10 84* 226 21 11-18 417 383 21 17-13 367 359
20 14 -2 0* 33 21 1-24 357 403 21 5 -9 92* 37 21 11-17 433 488 21 17-12 263* 277
20 14 -1 648 689 21 1-23 430 435 21 5 -8 832 866 21 11-16 512 502 21 17-11 432 348
20 14 0 30* 4 21 1-22 389 385 21 5 -7 819 861 21 11-15 0* 40 21 17-10 294* 314
20 14 1 137* 241 21 1-21 202* 133 21 5 -6 264 306 21 11-14 78* 254 21 17 -9 285* 257
20 16-20 475 584 21 1-20 286 325 21 5 -5 275 304 21 11-13 505 490 21 17 -8 395 371
20 16-19 0* 33 21 1-19 374 426 21 5 -4 489 538 21 11-12 697 648 21 17 -7 481 384
20 16-1B 603 570 21 1-18 482 502 21 5 -3 425 475 21 11-11 691 665 21 17 -6 333 366
20 16-17 0* 56 21 1-17 582 568 21 5 -2 296 364 21 11-10 650 651 21 17 -5 335 222
20 16-16 595 534 21 1-16 372 430 21 5 -1 300 373 21 11 -9 639 663 21 17 -4 117* 205
20 16-15 92* 113 21 1-15 287 329 21 5 0 383 433 21 11 -8 487 489 21 17 -3 322 328
20 16-14 723 638 21 1-14 332 381 21 5 1 379 384 21 11 -7 234* 258 21 17 -2 326 366
20 16-13 0* 116 21 1-13 375 398 21 5 2 0* 27 21 11 -6 0* 33 21 19-18 114* 151
20 16-12 472 404 21 1-12 706 6B0 21 5 3 59* 39 21 11 -5 438 480 21 19-17 389 285
20 16-11 0* 22 21 1-11 1378 1345 21 7-23 0* 99 21 11 -4 488 482 21 19-16 0* 266
20 16-10 493 469 *  21 1-10 1341 1349 21 7-22 48* 148 21 11 -3 333 358 21 19-15 145* 126
20 16 -9 0* 22 21 1 -9 714 705 21 7-21 228* 185 21 11 -2 518 511 21 19-14 135* 217
20 16 -8 473 415 21 1 -8 351 377 21 7-20 336 297 21 11 -1 0 * 229 21 19-13 491 407
20 16 -7 102* 104 21 1 -7 403 423 21 7-19 560 525 21 11 0 183* 285 21 19-12 558 484
20 16 -6 701 632 21 1 -6 327 330 21 7-18 432 431 21 11 1 132* 227 21 19-11 405 334
20 16 -5 92* 131 21 1 -5 381 411 21 7-17 84* 23 21 13-21 97* 214 21 19-10 370 324
20 16 -4 601 511 21 1 -4 537 512 21 7-16 263 204 21 13-20 411 414 21 19 -9 579 472
20 16 -3 0* 32 21 1 -3 450 483 21 7-15 784 769 21 13-19 353 341 21 19 -8 443 409
20 16 -2 513 556 21 1 -2 359 398 21 7-14 865 903 21 13-18 688 614 21 19 -7 265* 240
20 16 -1 187* 45 21 1 -1 269 301 21 7-13 0* 121 21 13-17 496 506 21 19 -6 0* 123
20 16 0 464 577 21 1 0 0* 122 21 7-12 409 329 21 13-16 472 444 21 19 -5 113* 277
20 18-19 355 387 21 1 1 421 409 21 7-11 532 489 21 13-15 369 334 21 19 -4 199* 288
20 18-18 0* 11 21 1 2 411 455 21 7-10 513 479 21 13-14 224* 234 21 19 -3 0* 142
20 18-17 317 355 21 1 3 310 363 21 7 -9 413 342 21 13-13 689 633 21 21-16 305 368
20 18-16 0* 21 21 3-24 147* 111 21 7 -8 0 * 107 21 13-12 607 627 21 21-15 93* 99
20 18-15 555 407 21 3-23 332 327 21 7 -7 842 889 21 13-11 505 486 21 21-14 0* 26
20 18-14 0* 11 21 3-22 503 423 21 7 -6 712 775 21 13-10 479 491 21 21-13 231* 201
20 18-13 504 430 21 3-21 586 584 21 7 -5 225* 214 21 13 -9 622 627 21 21-12 350 358
20 18-12 0* 6 21 3-20 154* 213 21 7 -4 0 * 48 21 13 -8 659 658 21 21-11 370 346
20 18-11 691 607 21 3-19 435 429 21 7 -3 400 428 21 13 -7 202* 231 21 21-10 390 341
20 18-10 116* 5 21 3-18 728 726 21 7 -2 441 509 21 13 -6 349 296 21 21 -9 390 351
20 18 -9 705 581 21 3-17 433 535 21 7 -1 176* 301 21 13 -5 439 448 21 21 -8 92* 229
20 18 -8 0* 9 21 3-16 358 356 21 7 0 92* 173 21 13 -4 474 488 21 21 -7 0* 19
20 18 -7 537 446 21 3-15 422 429 21 7 1 50* 146 21 13 -3 650 614 21 21 -6 202* 101
20 18 -6 122* 8 21 3-14 304 342 21 7 2 0 * 119 21 13 -2 355 358 21 21 -5 347 375
20 18 -5 456 392 21 3-13 519 573 21 9-23 282 297 21 13 -1 381 414 21 23-12 251* 274
20 18 -4 0 * 5 21 3-12 702 677 21 9-22 0* 125 21 13 0 228 233 21 23-11 408 340
20 18 -3 300 347 21 3-11 276 231 21 9-21 179* 171 21 15-21 . 335 340 21 23-10 258* 348
20 18 -2 0 * 4 21 3-10 95* 222 21 9-20 463 472 21 15-20 307 401 21 23 -9 71* 297
20 18 -1 267 357 21 3 -9 695 671 21 9-19 264* 339 21 15-19 597 535 22 0-24 317 362
20 20-17 0* 98 21 3 -8 490 561 21 9-18 261* 337 21 15-18 365 429 22 0-22 493 493
20 20-16 464 519 21 3 -7 261 314 21 9-17 354 353 21 15-17 396 420 22 0 -2 0 567 584
20 20-15 0* 142 21 3 -6 339 436 21 9-16 119* 170 21 15-16 353 280 22 0-18 799 771
20 20-14 9B* 124 21 3 -5 313 363 21 9-15 518 496 21 15-15 440 423 22 0-16 647 605
20 20-13 81* 154 21 3 -4 418 535 21 9-14 0* 203 21 15-14 496 517 22 0-14 919 902
20 20-12 504 464 21 3 -3 641 704 21 9-13 311 325 21 15-13 377 268 22 0-12 1263 1230
20 20-11 0 * 84 21 3 -2 385 431 21 9-12 426 409 21 15-12 272* 346 22 0-10 1302 1222
20 20-10 718 620 21 3 -1 242 208 21 9-11 601 597 21 15-11 324 336 22 0 -8 882 887
20 20 -9 0* 78 21 3 0 563 585 21 9-10 561 590 21 15-10 391 362 22 0 -6 573 596
20 20 -8 535 450 21 3 1 405 420 21 9 -9 382 387 21 15 -9 403 355 22 0 -4 666 772
20 20 -7 0 * 163 21 3 2 314 311 21 9 -8 326 317 21 15 -8 250* 245 22 0 -2 476 586
20 20 -6 0 * 127 21 3 3 0* 128 21 9 -7 0* 223 21 15 -7 530 506 22 0 0 389 471
20 20 -5 95* 133 21 5-23 42* 19 21 9 -6 493 511 21 15 -6 490 424 22 0 2 262 368
20 20 -4 510 530 21 5-22 337 398 21 9 -5 208* 165 21 15 -5 361 283 22 2-24 74* 2
20 20 -3 0* 101 21 5-21 451 433 21 9 -4 311 323 21 15 -4 457 421 22 2-23 476 503
20 22-15 428 480 21 5-20 331 365 21 9 -3 275 317 21 15 -3 413 430 22 2-22 0 * 8
20 22-14 0 * 47 21 5-19 375 360 21 9 -2 350 338 21 15 -2 562 532 22 2-21 522 486
20 22-13 0* 23 21 5-18 487 483 21 9 - I 396 441 21 15 -1 321 415 22 2-20 0* 53
20 22-12 0 * 22 21 5-17 523 523 21 9 0 46* 171 21 15 0 222 317 22 2-19 789 809
20 22-11 447 403 21 5-16 346 313 21 9 1 88* 137 21 17-19 326 371 22 2-18 93* 4
20 22-10 176* 3 21 5-15 277 317 21 9 2 246 278 21 17-18 295* 338 22 2-17 687 661
20 22 -9 406 385 21 5-14 840 885 21 11-22 44* 246 21 17-17 79* 184 nn 2-16 161* 169
20 22 -e 119* 60 21 5-13 865 881 21 11-21 244* 285 21 17-16 0 * 236 22 2-15 684 700
Ref lections flaoged with an as te r is l  were considered unobserved.
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22 2-14 231* 239 22 8-22 188* 225 22 14-21 292 376 22 22 -9 161* 266 23 5 -6 335 342
22 2-13 620 586 22 8-21 134* 77 22 14-20 19* 108 23 1-24 228 238 23 5 -5 487 516
22 2-12 0* 74 22 8-20 495 490 22 14-19 629 573 23 1-23 366 471 23 5 -4 323 399
22 2-11 882 877 22 8-19 0* 54 22 14-18 0* 151 23 1-22 360 313 23 5 -3 482 472
22 2-10 44* 100 22 8-18 569 559 22 14-17 518 486 23 1-21 0* 163 23 5 -2 347 433
22 2 -9 638 586 22 8-17 0* 17 22 14-16 112* 88 23 1-20 334 321 23 5 -1 96* 218
22 2 -8 308 262 22 8-16 480 510 22 14-15 724 668 23 1-19 498 483 23 5 0 90* 260
22 2 -7 669 711 22 B-15 0* 118 22 14-14 0* 133 23 1-18 434 440 23 7-23 131* 175
22 2 -6 0* 137 22 8-14 338 384 22 14-13 661 603 23 1-17 493 429 23 7-22 92* 271
22 2 -5 593 641 22 8-13 248* 285 22 14-12 0* 35 23 1-16 520 509 23 7-21 181* 214
22 2 -4 0* 20 22 8-12 798 760 22 14-11 410 392 23 1-15 661 650 23 7-20 412 399
22 2 -3 708 797 22 8-11 0* 16 22 14-10 0* 31 23 1-14 160* 212 23 7-19 480 456
22 2 -2 88* 81 22 8-10 792 752 22 14 -9 667 606 23 1-13 189* 145 23 7-18 0* 53
22 2 -1 417 467 22 8 -9 347 301 22 14 -8 122* 153 23 1-12 1194 1144 23 7-17 402 404
22 2 0 0* 11 22 8 -8 354 379 22 14 -7 708 645 23 1-11 1184 1166 23 7-16 460 463
22 2 1 432 501 22 8 -7 39* 108 22 14 -6 0* 89 23 1-10 201* 168 23 7-15 333 378
22 2 2 98* 20 22 8 -6 514 520 22 14 -5 531 472 23 1 -9 225* 198 23 7-14 353 408
22 4-24 0* 123 *  22 8 -5 154* 5 22 14 -4 94* 113 23 1 -8 618 659 23 7-13 41B 384
22 4-23 0* 72 22 8 -4 503 521 22 14 -3 582 577 23 1 -7 461 515 23 7-12 509 533
22 4-22 623 560 22 8 -3 0* 54 22 14 -2 0* 99 23 1 -6 326 421 23 7-11 448 531
22 4-21 120* 43 22 8 -2 427 483 22 14 -1 261 381 23 1 -5 456 452 23 7-10 346 365
22 4-20 466 468 22 8 -1 0* 95 22 16-20 441 517 23 1 -4 396 463 23 7 -9 399 391
22 4-19 96* 6 22 8 0 86* 237 22 16-19 98* 10 23 1 -3 199* 311 23 7 -8 298 375
22 4-18 899 907 22 8 1 0* 9 22 16-18 330 338 23 1 -2 22* 183 23 7 -7 447 469
22 4-17 0* 58 22 10-22 54* 17 22 16-17 0* 19 23 1 -1 285 311 23 7 -6 354 381
22 4-16 488 505 22 10-21 237* 329 22 16-16 395 362 23 1 0 355 452 23 7 -5 0 * 80
22 4-15 50* 74 22 10-20 255* 29 22 16-15 0* 22 23 1 1 136* 238 23 7 -4 369 425
22 4-14 517 521 22 10-19 514 540 22 16-14 609 564 23 3-24 88* 259 23 7 -3 353 399
22 4-13 172* 129 22 10-18 0* 47 22 16-13 161* 71 23 3-23 313 327 23 7 -2 183* 203
22 4-12 356 356 22 10-17 722 684 22 16-12 292* 384 23 3-22 490 4B3 23 7 -1 267 241
22 4-11 0* 8 22 10-16 0* 84 22 16-11 0* 14 23 3-21 358 327 23 7 0 0* 197
22 4-10 296 360 22 10-15 357 397 22 16-10 333 374 23 3-20 374 347 23 9-23 233 286
22 4 -9 0* 158 22 10-14 138* 160 22 16 -9 127* 99 23 3-19 672 623 23 9-22 238* 222
22 4 -8 531 532 22 10-13 706 749 22 16 -8 607 558 23 3-18 534 516 23 9-21 257* 268
22 4 -7 0* 70 22 10-12 0* 37 22 16 -7 166* 44 23 3-17 393 395 23 9-20 360 264
22 4 -6 464 513 22 10-11 622 639 22 16 -6 405 343 23 3-16 542 559 23 9-19 316 324
22 4 -5 0* 46 22 10-10 103* 33 22 16 -5 0 * 18 23 3-15 81* 115 23 9-18 475 522
22 4 -4 761 861 22 10 -9 732 758 22 16 -4 275* 338 23 3-14 0 * 141 23 9-17 0 * 53
22 4 -3 60* 0 22 10 -8 63* 155 22 16 -3 0 * 3 23 3-13 772 782 23 9-16 303 266
22 4 -2 406 440 22 10 -7 402 413 22 16 -2 378 514 23 3-12 314 349 23 9-15 443 411
22 4 -1 0* 36 22 10 -6 0* 97 22 18-18 114* 120 23 3-11 415 316 23 9-14 293 341
22 4 0 528 561 22 10 -5 673 667 22 18-17 150* 320 23 3-10 747 764 23 9-13 522 543
22 4 1 0* 71 22 10 -4 0* 22 22 18-16 0* 78 23 3 -9 0 * 158 23 9-12 329 349
22 4 2 0* 132 22 10 -3 514 514 22 18-15 181* 230 23 3 -B 0 * 67 23 9-11 303 340
22 6-23 0* 178 22 10 -2 105* 24 22 18-14 245* 130 23 3 -7 509 547 23 9-10 489 528
22 6-22 0* 33 22 10 -1 241 342 22 18-13 806 762 23 3 -6 388 421 23 9 -9 362 347
22 6-21 340 316 22 10 0 0* 4 22 18-12 360* 162 23 3 -5 472 486 23 9 -8 386 413
22 6-20 204* 74 22 12-22 53* 177 22 18-11 410 354 23 3 -4 586 632 23 9 -7 264* 274
22 6-19 725 717 22 12-21 0* 36 22 IB -10 0* 171 23 3 -3 303 355 23 9 -6 0* 78
22 6-18 0* 101 22 12-20 423 432 22 18 -9 816 749 23 3 -2 311 305 23 9 -5 420 486
22 6-17 401 399 22 12-19 0* 49 22 18 -8 87* 134 23 3 -1 411 471 23 9 -4 259* 309
22 6-16 0* 42 22 12-18 673 653 22 18 -7 291* 229 23 3 0 311 319 23 9 -3 217* 245
22 6-15 661 699 22 12-17 0* 112 22 18 -6 0* 76 23 3 1 181* 231 23 9 -2 307 248
22 6-14 151* 198 22 12-16 673 631 22 IB -5 252* 327 23 5-23 283 290 23 9 -1 0 * 235
22 6-13 106* 180 22 12-15 0* 74 22 18 -4 165* 119 23 5-22 25* 226 23 9 0 201 284
22 6-12 333 349 22 12-14 795 754 22 20-16 335 282 23 5-21 457 435 23 11-22 194* 217
22 6-11 957 968 22 12-13 0* 50 22 20-15 213* 56 23 5-20 535 494 23 11-21 252* 212
22 6-10 326 370 22 12-12 719 683 22 20-14 164* 319 23 5-19 415 383 23 11-20 421 415
22 6 -9 163* 151 22 12-11 69* 2 22 20-13 0* 86 23 5-18 546 514 23 11-19 465 476
22 6 -8 0* 188 22 12-10 751 669 22 20-12 629 594 23 5-17 369 353 23 11-18 460 377
22 6 -7 623 699 22 12 -9 0* 88 22 20-11 0* 10 23 5-16 186* 256 23 11-17 321 377
22 6 -6 0* 35 22 12 -8 781 773 22 20-10 606 583 23 5-15 490 507 23 11-16 0* 106
22 6 -5 361 394 22 12 -7 0 * 55 22 20 -9 99* 83 23 5-14 414 374 23 11-15 305 310
22 6 -4 0 * 111 22 12 -6 683 613 22 20 -8 270* 319 23 5-13 107* 131 23 11-14 604 533
22 6 -3 552 663 22 12 -5 0* 114 22 20 -7 139* JJ 23 5-12 686 674 23 11-13 437 453
22 6 -2 63* 84 22 12 -4 633 643 22 20 -6 303 286 23 5-11 664 690 23 11-12 424 419
22 6 -1 264 318 22 12 -3 89* 61 22 22-13 114* 262 23 5-10 207* 121 23 11-11 402 405
»n 6 0 127* 49 22 12 -2 443 434 22 22-12 0* 82 23 5 -9 316 337 23 11-10 478 444
22 6 ! 0* 198 ?? 12 -1 55* 44 22 22-11 449 473 23 5 -8 427 509 23 11 -9 642 556
22 8-23 0* 20 22 12 0 97* 176 22 22-10 107* 69 23 5 -7 230* 229 23 11 -B 259* 329
Ref lections flagged with an aste r isk were considered unobserved.
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23 11 -7 59* 106 23 19 -8 95* 143 24 6-21 527 504 24 12-16 232* 216 25 1-15 186* 252
23 11 -6 333 369 23 19 -7 163* 173 24 6-20 122* 84 24 12-15 0* 82 25 1-14 0 * 225
23 11 -5 329 365 23 19 -6 271 245 24 6-19 339 323 24 12-14 932 856 25 1-13 1181 1007
23 11 -4 399 464 23 21-13 273* 253 24 6-18 85* 46 24 12-13 0* 19 25 1-12 1109 1126
23 11 -3 360 373 23 21-12 0* 318 24 6-17 59B 567 24 12-12 561 568 25 1-11 175* 248
23 11 -2 193* 217 23 21-11 309 309 24 6-16 0* 75 24 12-11 57* 35 25 1-10 251* 267
23 11 -1 0* 230 23 21-10 0* 266 24 6-15 818 840 24 12-10 911 858 25 1 -9 422 434
23 13-21 355 396 24 0-24 378 509 24 6-14 52* 4 24 12 -9 0* 85 25 1 -8 527 544
23 13-20 383 425 24 0-22 171* 154 24 6-13 299 314 24 12 -8 0* 212 25 1 -7 490 492
23 13-19 546 538 24 0-20 591 564 24 6-12 0* 10 24 12 -7 63* 11 25 1 -6 339 345
23 13-18 354 356 24 0-18 588 578 24 6-11 310 334 24 12 -6 525 501 25 1 -5 377 419
23 13-17 424 345 24 0-16 704 667 24 6-10 0 * 30 24 12 -5 0* 67 25 I  -4 266 312
23 13-16 540 450 24 0-14 0* 108 24 6 -9 789 824 24 12 -4 509 566 25 1 -3 81* 156
23 13-15 370 322 24 0-12 2718 2613 24 6 -8 0* 76 24 12 -3 0* 24 25 1 -2 219* 269
23 13-14 562 501 24 0-10 0* 124 24 6 -7 524 552 24 14-20 0* 21 25 3-23 331 373
23 13-13 501 473 24 0 -B 635 669 24 6 -6 0* 42 24 14-19 537 543 25 3-22 266* 259
23 13-12 363 370 24 0 -6 552 577 24 6 -5 97* 336 24 14-18 0* 52 25 3-21 308 235
23 13-11 356 376 24 0 -4 476 531 24 6 -4 0* 70 24 14-17 495 441 25 3-20 488 438
23 13-10 486 492 * 24 0 -2 0 * 160 24 6 -3 406 490 24 14-16 0* 14 25 3-19 597 581
23 13 -9 587 524 24 0 0 360 503 24 6 -2 106* 127 24 14-15 489 512 25 3-18 414 414
23 13 -8 386 333 24 2-24 0* 22 24 6 -1 299 324 24 14-14 0* 34 25 3-17 468 372
23 13 -7 458 444 24 2-23 4B9 590 24 8-23 0* 26 24 14-13 555 555 25 3-16 0* 153
23 13 -6 308 331 24 2-22 167* 82 24 8-22 369 347 24 14-12 0* 4 25 3-15 38* 159
23 13 -5 33B 360 24 2-21 249* 233 24 8-21 129* 54 24 14-11 610 549 25 3-14 786 778
23 13 -4 505 500 24 2-20 15* 17 24 8-20 554 547 24 14-10 131* 24 25 3-13 305 197
23 13 -3 317 418 24 2-19 773 721 24 8-19 198* 19 24 14 -9 578 504 25 3-12 0 * 188
23 13 -2 302 401 24 2-18 0* 56 24 8-18 154* 123 24 14 -8 93* 8 25 3-11 777 805
23 15-20 404 473 24 2-17 706 713 24 8-17 111* 56 24 14 -7 399 426 25 3-1 0 0 * 141
23 15-19 0* 263 24 2-16 0* 46 24 8-16 645 619 24 14 -6 0 * 59 25 3 -9 0 * 168
23 15-18 391 375 24 2-15 171* 154 24 8-15 0* 20 24 14 -5 497 546 25 3 -8 412 360
23 15-17 399 349 24 2-14 232* 122 24 8-14 530 492 24 14 -4 0* 5 25 3 ~7 361 403
23 15-16 386 303 24 2-13 1005 1015 24 8-13 0* 41 24 16-19 130* 39 25 3 ” 6 543 582
23 15-15 530 504 24 2-12 0* 16 24 8-12 641 601 24 16-18 316* 425 25 3 -5 379 417
23 15-14 488 329 24 2-11 1054 1016 24 8-11 0* 34 24 16-17 0 * 53 25 3 -4 161* 217
23 15-13 316* 339 24 2-10 84* 159 24 8-10 497 495 24 16-16 413 369 25 3 -3 208* 259
23 15-12 0* 258 24 2 -9 34* 139 24 8 -9 36* 30 24 16-15 0 * 87 25 3 -2 294 354
23 15-11 269* 249 24 2 -8 0* 64 24 8 -8 585 618 24 16-14 525 495 25 5-23 246* 236
23 15-10 375 353 24 2 -7 704 706 24 8 -7 105* 53 24 16-13 0 * 69 25 5-2 2 304 342
23 15 -9 384 351 24 2 -6 41* 97 24 8 -6 294 115 24 16-12 315* 277 25 5-21 351 362
23 15 -8 555 507 24 2 -5 633 705 24 8 -5 0* 22 24 16-11 0* 75 25 5-20 376 343
23 15 -7 309 304 24 2 -4 0* 11 24 8 -4 475 534 24 16-10 57B 481 25 5-19 362 389
23 15 -6 342 318 24 2 -3 193* 229 24 8 -3 53* 84 24 16 -9 0 * 88 25 5-1 8 324 280
23 1 5 - 5 332 362 24 2 -2 96* 80 24 8 -2 223 308 24 16 -8 299* 365 25 5-17 0* 206
23 15 -4 276 266 24 2 -1 467 584 24 8 -1 0* 20 24 16 -7 99* 62 25 5-16 365 387
23 15 -3 416 459 24 2 0 0* 15 24 10-22 32* 32 24 16 -6 322 416 25 5-1 5 370 334
23 17-19 196* 173 24 4-23 0* 30 24 10-21 435 433 24 16 -5 0* 22 25 5-14 0 * 77
23 17-18 225* 251 24 4-22 530 517 24 10-20 0* 62 24 18-17 0* 359 25 5-13 513 468
23 17-17 269* 331 24 4-21 165* 17 24 10-19 556 540 24 18-16 0* 7 25 5-1 2 491 470
23 17-16 257* 210 24 4-20 482 415 24 10-18 0* 14 24 18-15 282* 395 25 5-11 91 * 68
23 17-15 119* 135 24 4-19 49* 138 24 10-17 228* 103 24 18-14 0* 8 25 5-1 0 368 345
23 17-14 628 551 24 4-18 771 702 24 10-16 237* 40 24 18-13 515 433 25 5 -9 337 392
23 17-13 558 471 24 4-17 68* 45 24 10-15 533 466 24 18-12 0* 16 25 5 -8 0 * 192
23 17-12 0* 148 24 4-16 599 588 24 10-14 0* 80 24 18-11 483 424 25 5 -7 253* 279
23 17-11 0* 154 24 4-15 0* 32 24 10-13 720 694 24 18-10 0* 4 25 5 -6 394 388
23 17-10 453 465 24 4-14 672 610 24 10-12 169* 15 24 IB -9 327 402 25 5 -5 323 324
23 17 -9 662 551 24 4-13 0* 9 24 10-11 724 674 24 18 -8 0* 13 25 5 -4 270 328
23 17 -8 186* 147 24 4-12 271* 241 24 10-10 0* 77 24 IB -7 318 357 25 5 -3 207* 323
23 17 -7 232* 184 24 4-11 0* 10 24 10 -9 566 506 24 20-14 442 461 25 5 -2 102* 251
23 17 -6 332 347 24 4-10 606 625 24 10 -8 54* 27 24 20-13 172* 4 25 7-23 117* 254
23 17 -5 57* 224 24 4 -9 0* 24 24 10 -7 0* 100 24 20-12 246* 344 25 7-22 317 275
23 17 -4 0* 168 24 4 -8 521 562 24 10 -6 143* 29 24 20-11 0* 19 25 7-21 397 407
23 19-17 245* 271 24 4 -7 0* 29 24 10 -5 477 514 24 20-10 380 464 25 7-2 0 353 359
23 19-16 82* 160 24 4 -6 638 707 24 10 -4 208* 69 25 1-23 253* 270 25 7-19 0* 65
23 19-15 0* 143 24 4 -5 0 * 143 24 10 -3 381 398 25 1-22 0* 166 25 7-18 0 * 199
23 19-14 350* 326 24 4 -4 401 413 24 10 -2 0* 23 25 1-21 335 313 25 7-17 323 358
23 19-13 458 464 24 4 -3 54* 6 24 12-21 0* 22 25 1-20 419 424 25 7-16 344 343
23 19-12 387 341 24 4 -2 482 520 24 12-20 545 596 25 1-19 379 368 *>e#A.J 7-15 228* 307
23 19-11 419 349 24 4 -1 0* 41 24 12-19 47* 48 25 1-18 555 498 ne 7-14 254* 293
23 19-10 480 459 24 6-23 258 334 24 12-18 601 503 25 1-17 522 546 25 7-13 513 481
23 19 -9 330 318 24 6-22 0 * 99 24 12-17 0 * 31 25 1-16 473 457 25 7-12 539 492
Ref lections f lagged « ith  an asterisV *ere considered unobserved.
A3 5
Values o f 10*Fobs and 10»Fcalc Page 26
H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc
23 7-11 307 277 25 15-13 112* 184 26 4 -6 572 615 26 12-11 0# 17 27 5-20 276* 321
23 7-1 0 351 330 25 15-12 0* 1B4 26 4 -5 0* 37 26 12-10 476 490 27 5-19 472 396
25 7 -9 343 329 25 15-11 100* 275 26 4 -4 299 435 26 12 -9 237* 22 27 5-18 417 341
25 7 -8 317 373 25 15-10 283* 302 26 4 -3 0* 16 26 12 -8 415 364 27 5-17 372 410
25 7 -7 0* 193 25 15 -9 466 380 26 6-23 200* 335 26 12 -7 72* 9 27 5-16 587 572
25 7 -6 0# 49 25 15 -8 169* 257 26 6-2 2 0* 10 26 12 -6 439 469 27 5-15 75* 108
25 7 -5 350 340 25 15 -7 284* 260 26 6-21 560 517 26 14-19 271* 367 27 5-14 136* 151
25 7 -4 312 387 25 15 -6 100* 288 26 6-20 0* 1 26 14-18 0 * 20 27 5-13 0* 180
25 7 -3 197# 265 25 17-17 0* 212 26 6-19 372 345 26 14-17 523 514 27 5-12 136* 138
25 7 -2 78# 248 25 17-16 257* 267 26 6-18 0* 25 26 14-16 0 * 27 27 5-11 515 535
25 9-22 188# 294 25 17-15 364 376 26 6-17 596 575 26 14-15 537 463 27 5-1 0 424 408
25 9-21 327 328 25 17-14 340* 257 26 6-16 0* 62 26 14-14 0* 31 27 5 -9 429 346
25 9-20 344 366 25 17-13 139* 212 26 6-15 337 309 26 14-13 518 382 27 5 -8 357 392
25 9-19 235* 274 25 17-12 160# 212 26 6-14 226# 245 26 14-12 0* 18 27 5 -7 118* 306
25 9-18 0* 119 25 17-11 0* 248 26 6-13 825 787 26 14-11 560 481 27 5 -6 245* 313
25 9-17 0# 268 25 17-10 327 361 26 6-12 101* 251 26 14-10 0* 10 27 5 -5 250 284
25 9-16 289* 353 25 17 -9 201* 270 26 6-11 232* 286 26 14 -9 519 514 27 7-22 407 338
25 9-15 98* 313 « 25 17 -8 0* 208 26 6-10 116* 65 26 14 -8 0* 9 27 7-21 0 * 246
25 9-14 516 483 25 19-14 300* 395 26 6 -9 537 555 26 14 -7 310 343 27 7-20 267* 203
25 9-13 439 393 25 19-13 298* 2B3 26 6 -8 0* 25 26 16-17 0 * 52 27 7-19 0* 130
25 9-12 413 392 25 19-12 179* 259 26 6 -7 352 341 26 16-16 457 495 27 7-18 497 443
25 9-11 529 501 25 19-11 370 372 26 6 -6 0* 17 26 16-15 0* 0 27 7-17 652 535
25 9-10 351 310 26 0-22 239* 301 26 6 -5 406 497 26 16-14 379 325 27 7-16 0* 139
25 9 -9 352 363 26 0-20 501 515 26 6 -4 80* 18 26 16-13 98* 15 27 7-15 98* 248
25 9 -8 282* 285 26 0-18 741 659 26 6 -3 178* 329 26 16-12 0* 320 27 7-14 418 393
25 9 -7 0* 115 26 0-16 686 672 26 8-22 0* 365 26 16-11 99* 6 27 7-13 441 403
25 9 -6 207* 252 26 0-14 663 632 26 8-21 0* 45 26 16-10 460 497 27 7-12 309* 237
25 9 -5 321 346 26 0-12 698 672 26 8-20 393 396 26 16 -9 149* 22 27 7-11 0* 146
25 9 -4 224* 330 26 0-10 706 667 26 8-19 199* 29 27 1-23 0* 214 27 7-10 488 524
25 9 -3 176* 277 26 0 -8 702 661 26 8-18 353 372 27 1-22 334 317 27 7 -9 438 437
25 11-21 0* 325 26 0 -6 456 493 26 8-17 100* 64 27 1-21 419 396 27 7 -8 0 * 124
25 11-20 339 348 26 0 -4 206* 291 26 8-16 330 342 27 1-20 437 361 27 7 -7 0* 206
25 11-19 495 469 26 2-23 329 353 26 8-15 0* 205 27 1-19 331* 308 27 7 -6 194* 224
nc
IJ 11-18 358 423 26 2-22 0* 23 26 8-14 685 620 27 1-18 298* 293 27 7 -5 279 392
25 11-17 84* 91 26 2-21 544 506 26 8-13 47* 16 27 1-17 248* 261 27 9-21 350 374
25 11-16 278* 226 26 2-20 0* 86 26 8-12 651 599 27 1-16 293* 279 27 9-20 105* 159
25 11-15 702 621 26 2-19 621 592 26 8-11 213* 187 27 1-15 339 344 27 9-19 0* 198
25 11-14 567 528 26 2-18 51* 136 26 8-10 425 328 27 1-14 799 775 27 9-18 297* 236
25 11-13 329 311 26 2-17 616 555 26 8 -9 0* 62 27 1-13 811 783 27 9-17 0* 118
25 11-12 290* 304 26 2-16 129* 151 26 8 -8 281* 386 27 1-12 357 337 27 9-16 319* 300
25 11-11 552 535 26 2-15 613 540 26 8 -7 39* 12 27 1-11 332 289 27 9-15 455 393
25 11-10 655 630 26 2-14 0* 3 26 B -6 286 372 27 1-10 269* 289 27 9-14 523 401
25 11 -9 305* 258 26 2-13 525 488 26 8 -5 153* 27 27 1 -9 367 304 27 9-13 412 371
25 11 -8 0* 74 26 2-12 0* 9 26 8 -4 259 354 27 1 -8 387 283 27 9-12 427 382
25 11 -7 390 418 26 2-11 558 559 26 10-21 432 424 27 1 -7 390 348 27 9-11 302* 303
25 11 -6 445 460 26 2-10 0* 129 26 10-20 0 * 51 27 1 -6 377 366 27 9-10 0# 119
25 11 -5 255* 339 26 2 -9 561 553 26 10-19 497 473 27 1 -5 226 302 27 9 -9 246* 252
25 11 -4 241 310 26 2 -8 0* 107 26 10-18 0 * 34 27 1 -4 160* 204 27 9 -8 246* 182
25 13-20 407 385 26 2 -7 524 568 26 10-17 0* 140 27 3-23 0* 238 27 9 -7 0 * 137
25 13-19 276* 368 26 2 -6 59* 50 26 10-16 0* 9 27 3-22 263* 247 27 9 -6 0* 373
25 13-18 235* 338 26 2 -5 380 503 26 10-15 715 644 27 3-21 464 400 27 11-20 294* 393
25 13-17 399 416 26 2 -4 0* 9 26 10-14 0* 121 27 3-20 470 480 27 11-19 317* 268
25 13-16 289* 305 26 2 -3 253 337 26 10-13 565 486 27 3-19 380 355 27 11-18 0 * 26
25 13-15 424 378 26 4-23 0* 38 26 10-12 320 134 27 3-18 309* 272 27 11-17 256* 232
25 13-14 446 438 26 4-22 419 445 26 10-11 679 636 27 3-17 388 313 27 11-16 385 379
25 13-13 375 314 26 4-21 0* 41 26 10-10 0* 12 27 3-16 336 316 27 11-15 399 411
25 13-12 288* 319 26 4-20 644 624 26 10 -9 0* 161 27 3-15 583 544 27 11-14 406 421
25 13-11 491 436 26 4-19 91* 126 26 10 -8 228* 31 27 3-14 0* 91 27 11-13 505 428
25 13-10 370 404 26 4-18 447 430 26 10 -7 480 455 27 3-13 0* 83 27 11-12 400 390
25 13 -9 368 292 26 4-17 0* 84 26 10 -6 0* 38 27 3-12 506 560 27 11-11 335 371
25 13 -8 339 415 26 4-16 525 463 26 10 -5 322 410 27 3-11 313* 324 27 11-10 0* 246
25 13 -7 150* 322 26 4-15 0* 6 26 12-20 372 487 27 3-10 325 302 27 11 -9 0* 20
25 13 -6 346 357 26 4-14 442 406 26 12-19 0* 6 27 3 -9 298* 287 27 11 -8 264* 283
25 13 -5 279 388 26 4-13 0* 3 26 12-18 356 376 27 3 -8 412 368 27 11 -7 314 369
25 15-19 149* 305 26 4-12 518 417 26 12-17 0* 27 27 3 -7 443 435 27 13-19 0* 274
25 15-18 125* 284 26 4-11 0* 23 26 12-16 481 472 27 3 *6 370 393 27 13-18 279* 315
25 15-17 226* 259 26 4-10 473 449 26 12-15 0* 8 27 3 -5 23* 244 27 13-17 0 * 236
nc
LJ 15-16 355 378 26 4 -9 0 * 87 26 12-14 683 567 27 3 -4 0 * 226 27 13-16 297* 356
25 15-15 165* 305 26 4 -8 371 410 26 12-13 0* 1 27 5-22 237* 289 27 13-15 465 435
25 15-14 0* 271 26 4 -7 0 * 103 26 12-12 657 576 27 5-21 302* 322 27 13-14 37? 350
Reflections flagged with an aste risk were considered unobserved.
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H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc
27 13-13 407 347 28 6 -9 29* 249 29 3-18 0* 190 30 2-19 345 379
27 13-12 459 431 28 6 -8 0* 24 29 3-17 181* 255 30 2-18 0 * 1
27 13-11 432 332 28 6 -7 0 * 268 29 3-16 431 315 30 2-17 351* • 288
27 13-10 0* 226 28 6 -6 66* 90 29 3-15 332* 355 30 2-16 0 * 7
27 13 -9 227* 318 28 8-21 0* 1 29 3-14 415 357 30 2-15 705 695
27 13 -8 259* 263 28 8-20 215* 105 29 3-13 312* 313 30 2-14 0* 25
27 15-17 276* 383 28 8-19 0* 29 29 3-12 150* 237 30 2-13 320* 292
27 15-16 365 304 28 B -1B 555 524 29 3-11 166* 198 30 2-12 0* 18
27 15-15 344 240 28 8-17 0* 81 29 3-10 239* 259 30 2-11 345 368
27 15-14 323 282 28 8-16 319* 370 29 3 -9 0* 330 30 2-10 0 * 10
27 15-13 0* 272 28 8-15 0* 93 29 3 -8 0* 300 30 2 -9 220* 432
27 15-12 0* 226 28 8-14 507 463 29 3 - 7 0* 348 30 4-20 368 455
27 15-11 282* 301 28 8-13 124* 131 29 5-21 200* 235 30 4-19 0* 14
27 15-10 288 361 28 8-12 305* 369 29 5-20 234* 311 30 4-18 395 376
28 0-22 372 409 28 8-11 0* B2 29 5-19 0* 250 30 4-17 147* 35
28 0-20 437 458 28 8-10 508 534 29 5-18 0* 203 30 4-16 310* 279
28 0-18 610 522 28 8 -9 0* 31 29 5-17 338* 342 30 4-15 109* 17
28 0-16 389 295 28 8 -8 46* 88 29 5-16 299* 252 30 4-14 238* 290
28 0-14 1623 1499 -» 28 8 -7 0* 11 29 5-15 360 298 30 4-13 127* 22
28 0-12 284* 287 28 10-20 86* 44 29 5-14 93* 274 30 4-12 289* 361
28 0-10 494 545 28 10-19 280* 253 29 5-13 283* 233 30 4-11 190* 28
28 0 -8 459 442 28 10-18 97* 55 29 5-12 326* 334 30 4-10 371 450
28 0 -6 289 382 28 10-17 480 494 29 5-11 145* 187 30 6-20 0 * 39
28 2-22 0* 72 28 10-16 0 * 50 29 5-10 176* 241 30 6-19 469 539
28 2-21 533 564 28 10-15 428 452 29 5 -9 284 303 30 6-18 0* 26
28 2-2 0 0* 19 28 10-14 0* 12 29 5 -8 263 236 30 6-17 199* 217
28 2-19 401 395 28 10-13 455 447 29 7-21 58* 256 30 6-16 0* 8
2B 2-18 0* 10 28 10-12 0* 55 29 7-20 0 * 110 30 6-15 410 436
28 2-17 331* 277 28 10-11 485 500 29 7-19 259* 257 30 6-14 0* 10
28 2-16 203* 91 28 10-10 0* 28 29 7-18 365 427 30 6-13 308* 222
28 2-15 868 757 28 10 -9 329 257 29 7-17 0* 149 30 6-12 0* 22
28 2-14 0* 22 28 10 -8 0* 42 29 7-16 288* 294 30 6-11 383 520
28 2-13 801 762 28 12-19 0* 45 29 7-15 139* 359 30 6-10 87* 59
28 2-12 0* 92 28 12-18 170* 359 29 7-14 471 363 30 8-19 125* 25
28 2-11 76* 283 28 12-17 117* 4 29 7-13 209* 271 30 B-18 315 308
28 2-10 0* 50 28 12-16 434 507 29 7-12 161* 128 30 8-17 • 89* 42
28 2 -9 478 407 28 12-15 0* 9 29 7-11 363 409 30 B-16 345 412
28 2 -8 84* 48 28 12-14 383 442 29 7-10 0* 253 30 8-15 0* 17
28 2 -7 458 532 28 12-13 162* 16 29 7 -9 0* 133 30 8-14 315* 402
28 2 -6 0* 62 28 12-12 511 517 29 7 -8 191* 238 30 8-13 0* 38
28 4-22 423 463 28 12-11 0* 14 29 9-20 182* 135 30 8-12 232* 324
28 4-21 0* 15 28 12-10 55* 347 29 9-19 100* 193 30 8-11 195* 33
28 4-20 439 465 28 12 -9 O* 23 29 9-18 0* 171 30 10-17 315 415
28 4-19 0* 52 28 14-17 333 383 29 9-17 458 399 30 10-16 0* 129
28 4-18 284* 151 28 14-16 0* 85 29 9-16 408 326 30 10-15 377 443
28 4-17 0* 84 28 14-15 293* 342 29 9-15 121* 252 30 10-14 0* 106
28 4-16 633 557 28 14-14 178* 2 29 9-14 0* 251 30 10-13 351 417
28 4-15 124* 81 28 14-13 384 348 29 9-13 334 321 31 1-20 262* 329
28 4-14 308* 295 28 14-12 239* 99 29 9-12 343 386 31 1-19 321 255
28 4-13 0* 72 28 14-11 257* 392 29 9-11 101* 174 31 1-18 0* 126
28 4-12 617 556 29 1-22 293 289 29 9-10 187* 206 31 1-17 227* 314
28 4-11 0* 104 29 1-21 418 384 29 9 -9 55* 121 31 1-16 543 588
28 4-10 105* 164 29 1-20 233* 293 29 11-18 311 386 31 1-15 560 573
28 4 -9 149* 47 29 1-19 343* 366 29 11-17 294* 311 31 1-14 235* 311
28 4 -8 373 446 29 1-18 330* 325 29 11-16 156* 244 31 1-13 0* 116
28 4 -7 0* 15 29 1-17 0* 132 29 11-15 101* 311 31 1-12 291 261
28 4 -6 282 449 29 1-16 0* 303 29 11-14 326 312 31 1-11 0* 314
28 6-22 0* 93 29 1-15 780 676 29 11-13 0* 276 31 3-19 0* 175
2B 6-21 130* 292 29 1-14 766 691 29 11-12 258* 326 31 3-18 225* 259
28 6-20 0* 52 29 1-13 220* 320 29 11-11 314 381 31 3-17 273* 245
28 6-19 180* 241 29 1-12 0* 131 29 13-15 0* 247 31 3-16 232* 294
28 6-18 150* 49 29 1-11 232* 312 29 13-14 66* 249 31 3-15 297* 318
28 6-17 534 494 29 1-10 266* 374 30 0-20 336 392 31 3-14 0* 241
28 6-16 236* 142 29 1 -9 276* 303 30 0-18 268* 233 31 3-13 216* 271
28 6-15 414 359 29 1 -8 331 360 30 0-16 747 726 31 3-12 79* 150
28 6-14 0* 28 29 1 -7 201* 280 30 0-14 700 742 31 5-19 254* 307
28 6-13 386 372 29 3-22 209* 357 30 0-12 64* 226 31 5-18 36* 209
28 6-12 176* 129 29 3-21 277* 294 30 0-10 347 383 31 5-17 91* 169
28 6- 1! 489 486 29 3-20 112* 352 30 2-21 325 441 31 5-16 0* 230
28 6-10 0* 30 29 3-19 0* 265 30 2-20 0 * 1 31 5-15 117* 245
H K L Fobs Fcalc
31 5 - H  242* 204
31 5 -1 3  0 *  201
31 5-12  86*  287
31 7-17  0 * 152
31 7 -16  0 * 342
31 7-15  289 323
31 7-14  0 * 160
32 0 -1 6  694 819
Ref lect ions flagged with an aster isk were considered unobserved.
A37
APPENDIX B
Full Tables & Structure Factors 
for Zn < 11 > T*-BHPP
Contents Page No
Positional Parameters B2
Bond Distances (non-hydrogen) B6
Bond Angles (non-hydrogen) B7
Bond Angles (hydrogen) B8
Bond Distances (hydrogen) B8
Least-squares planes B9
FoFc Bll
B1
Atoi X V z B .c
ZN 0.500 0.37504(7) 0.750 2.80(4)
01 0.2873(3) 0.1485(3) 0.3293(4) 6.9(3)
02 0.2922(3) 0.6007(3) 0.3295(4) 6.9(3)
Nl 0.500 0.2989(4) 0.750 2.7(3)
N2 0.4364(3) 0.3754(4) 0.6227(3) 2.7(2)
N3 0.500 0.4510(4) 0.750 3.1(3)
C3 0.4797(5) 0.2171(4) 0.7082(5) 4.5(3)
C4 0.4658(4) 0.2683(4) 0.6812(5) 3.3(3)
C5 0.4246(4) 0.2844(4) 0.5983(4) 3.1(3)
C6 0.4125(3) 0.3340(4) 0.5733(4) 3.1(2)
C7 0.3683(4) 0.3493(4) 0.4871(5) 3.6(3)
C8 0.3685(4) 0.4004(4) 0.4872(5) 3.8(3)
C9 0.4103(3) 0.4164(4) 0.5726(5) 2.9(3)
CIO 0.4245(4) 0.4660(4) 0.5988(5) 3.3(3)
Cll 0.4661(4) 0.4809(4) 0.6813(5) 3.8(3)
C12 0.4791(5) 0.5319(4) 0.7088(5) 4.5(3)
C21 0.3905(4) 0.2464(4) 0.5308(5) 3.0(3)
C22 0.4024(4) 0.2418(4) 0.4767(5) 4.0(3)
C23 0.3705(4) 0.2098(4) 0.4106(5) 3.9(3)
C24 0.3851(5) 0.2074(5) 0.3533(6) 6.0(4)
C25 0.4361(5) 0.2448(6) 0.3782(6) 8.5(4)
C26 0.3272(5) 0.2202(6) 0.2649(6) 7.1(4)
C27 0.4085(5) 0.1562(6) 0.3563(6) 7.2(4)
C28 0.3228(4) 0.1804(4) 0.3973(5) 4.5(3)
C29 0.3097(4) 0.1824(4) 0.4500(5) 4.0(3)
C30 0.2576(4) 0.1503(5) 0.4361(6) 6.2(4)
C31 0.2565(5) 0.1567(6) 0.5051(7) 8.6(4)
C32 0.2658(6) 0.0954(6) 0.4303(8) 9.5(5)
Table B.1 Fractional atonic coordinates with e.s.d.in parentheses 
and B«<, thermal parameters (A2). The Bee, values are calculated 
according to the equation B*c=A/3ZiEdBi;»ai«ad.
B2
Atoi X y z B«<3
C33 0.1913(5) 0.1668(7) 0.3546(8) 10.3(6)
C34 0.3441(4) 0.2162(4) 0.5160(5) 4.1(3)
C35 0.3899(4) 0.5037(4) 0.5303(5) 3.4(3)
036 0.3249(4) 0.5084(4) 0.4769(5) 3.7(3)
C37 0.2902(4) 0.5401(4) 0.4099(5) 3.9(3)
C38 0.2186(5) 0.5422(5) 0.3533(6) 6.0(4)
C39 0.1925(5) 0.5050(6) 0.3793(7) 8.3(5)
C40 0.1872(5) 0.5291(6) 0.2642(7) 6.9(5)
041 0.1976(5) 0.5933(6) 0.3568(7) 7.3(4)
C42 0.3245(4) 0.5696(4) 0.3969(5) 4.3(3)
C43 0.3909(4) 0.5680(4) 0.4497(5) 4.1(3)
C44 0.4279(5) 0.5997(5) 0.4355(7) 6.6(4)
045 0.4989(5) 0.5926(6) 0.5047(8) 9.4(5)
046 0.4154(6) 0.6543(6) 0.4309(8) 9.5(6)
047 0.4120(5) 0.5816(7) 0.3530(7) 9.8(5)
048 0.4219(4) 0.5340(4) 0.5154(5) 4.1(3)
Cl 10 0.333(1) 0.443(2) 0.285(2) 20.0*
0111 0.329(1) 0.389(2) 0.263(2) 20.0*
0112 0.359(1) 0.383(2) 0.224(2) 20.0*
Cl 13 0.302(1) 0.409(1) 0.134(2) 20.0*
Cl 14 0.317(1) 0.466(1) 0.157(2) 20.0*
Cl 15 0.289(1) 0.471(2) 0.205(2) 20.0*
0210 0.682(1) 0.133(2) 0.762(2) 20.0*
0211 0.613(1) 0.123(2) 0.712(2) 20.0*
0212 0.571(1) 0.161(1) 0.636(2) 20.0*
0213 0.582(1) 0.212(1) 0.652(2) 20.0*
0214 0.655(1) 0.215(2) 0.697(2) 20.0*
0215 0.696(1) 0.184(2) 0.784(2) 20.0*
I Isotropic temperature factor not refined 
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B3
Atoi X V z B .c
C310 0.513(1) 0.033(1) 0.364(2) 20.0*
C311 0.520(1) -0.023(1) 0.355(2) 20.0*
C312 0.549(1) -0.050(1) 0.437(2) 20.0*
C313 0.586(1) -0.023(1) 0.508(2) 2 0 . 0 *
C314 0.593(1) 0.023(1) 0.509(2) 20.0*
C315 0.558(1) 0.059(2) 0.434(2) 20.0*
C410 0.666(1) 0.284(1) 0.503(2) 20.0*
C411 0.679(1) 0.232(1) 0.511(2) 20.0*
C412 0.620(1) 0.198(2) 0.434(2) 20.0*
C413 0.596(1) 0.223(1) 0.358(2) 20.0*
C414 0.572(1) 0.275(1) 0.348(2) 20.0*
C415 0.641(1) 0.297(1) 0.416(2) 20.0*
H3 0.4633 0.1852 0.6740 t
H7 0.3390 0.3264 0.4347
HB 0.3425 0.4203 0.4347
H12 0.4625 0.5621 0.6729
H22 0.4391 0.2618 0.4907
H25A 0.4423 0.2448 0.3408
H25B 0.4179 0.2810 0.3763
H25C 0.4745 0.2408 0.4382
H26A 0.3362 0.2209 0.2300
H26B 0.2908 0.1986 0.2463
H26C 0.3127 0.2570 0.2668
H27A 0.4197 0.1530 0.3237
H27B 0.449B 0.1480 0.4201
H27C 0.3772 0.1296 0.3440
H31A 0.2209 0.1337 0.4968
H31B 0.2974 0.1435 0.5623
t Isotropic temperature factors for h y d r o g e n  ato m s  fixed at 5,0 
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Ato« X y z
H31C 0.24B3 0.1904 0.5148
H32A 0.2293 0.0784 0.4267
H32B 0.2604 0.0905 0.3850
H32C 0.3058 0.0860 0.4861
H33A 0.1572 0.1472 0.3497
H33B 0.1852 0.2031 0.3615
H33C 0.1896 0.1610 0.3101
H34 0.3376 0.2189 0.5572
H36 0.3031 0.4856 0.4889
H39A 0.1445 0.5008 0.3359
H39B 0.2055 0.4655 0.3731
H39C 0.2091 0.5058 0.4336
H40A 0.1379 0.5265 0.2260
H40B 0.1969 0.5495 0.2366
H40C 0.1981 0.4912 0.2595
H41A 0.1510 0.5937 0.3179
H41B 0.2176 0.5993 0.4140
H41C 0.2132 0.6177 0.3371
H45A 0.5252 0.6126 0.4994
H45B 0.5125 0.6013 0.5628
H45C 0.5122 0.5557 0.5117
H46A 0.4433 0.6730 0.4209
H46B 0.3712 0.6627 0.3833
H46C 0.4292 0.6676 0.4839
H47A 0.4355 0.6013 0.3438
H47B 0.4246 0.5451 0.3615
H47C 0.3654 0.5843 0.3078
H48 0.4707 0.5315 0.5553
Table B.1 /cont
B5
At ok 1 A toi2 D istance Atonl Atoa2 D istance Atonl Aton2 Di stance
ZN N1 2 .04 3 (1 1 ) C22 C23 1 .365 (13 ) C110 C l l l 1 .4 8 (6 )
ZN N2 2 .0 4 1 (5 ) C23 C24 1 .5 2 (2 ) C110 Cl 15 1 .4 9 (4 )
ZN N3 2 .040 (11 ) C23 C28 1 .4 1 (2 ) c m C112 1 .5 2 (7 )
01 C28 1.386 (12 ) C24 C25 1 .5 3 (2 ) Cl 12 C113 1 .6 4 (4 )
02 C42 1 .368 (12 ) C24 C26 1 .508 (12 ) Cl 13 C ll 4 1 .5 9 (6 )
N1 C4 1 .375 (11 ) C24 C27 1 .5 1 (2 ) Cl 14 Cl 15 1.65(71
N1 C4 1 .375 (11 ) C28 C29 1 .3 9 (2 ) C210 C211 1 .5 1 (5 )
N2 C6 1 .363 (13 ) C29 C30 1 .5 4 (2 ) C210 C215 1 .4 2 (6 )
N2 C9 1 .364 (12 ) C29 C34 1 .395 (13 ) C211 C212 1 .6 0 (5 )
N3 C ll 1 .362 (11 ) C30 C31 1 .5 0 (2 ) C212 C213 1 .4 1 (6 )
N3 C ll 1 .362 (11 ) C30 C32 1 .5 1 (2 ) C213 C214 1 .5 9 (5 )
03 C3 1 .342 (12 ) C30 C33 1 .553 (13 ) C214 C215 1 .6 4 (5 )
C3 C4 1 .443 (14 ) C35 C36 1 .376 (12 ) C310 C311 1 .5 6 (6 )
C4 C5 1 .397 (11 ) C35 C48 1 .3 9 (2 ) C310 C315 1 .3 5 (4 )
C5 C6 1 .392 (14 ) C36 C37 1 .371 (13 ) C311 C312 1 .5 2 (5 )
C5 C21 1 .489 (12 ) C37 C38 1 .51 4 (1 3 ) C312 C313 1 .3 6 (4 )
C6 C7 1 .443 (10 ) C37 C42 1 .4 0 (2 ) C313 C314 1 .2 4 (6 )
C7 CO 1 .3 7 (2 ) C3B C39 1 .5 4 (2 ) C314 C315 1 .5 4 (5 )
CB C9 1 .435 (11 ) C38 C40 1 .5 2 (2 ) C410 C411 1.4316)
C9 CIO 1 .396(14 ) C38 C41 1 .5 1 (2 ) C410 C415 1 .5 2 (5 )
CIO C ll 1 .382 (12 ) C42 C43 1 .402 (13 ) C411 C412 1 .6 4 (4 )
CIO C35 1 .493 (13 ) C43 C44 1 .5 2 (2 ) C412 C413 1 .4 5 (5 )
C il C12 1.440 (14 ) C43 C4B 1 .394 (14 ) C413 C414 1 .4 9 (6 )
C12 C12 1.319(12 ) C44 C45 1 .520 (14 ) C414 C415 1 .5 6 (4 )
C21 C22 1 .40 (2 ) C44 C46 1 .4 9 (2 )
C21 C34 1 .3 8 (2 ) C44 C47 1 .5 8 (2 )
Nunbers in parentheses are estim ated standard d e v ia tio n s  in  the le a s t s ig n if ic a n t  d ig i ts .
Table B.2 Band distances involving non-hydrogen atoms <A)
B6
Atonl Ator2 Ato*3 Angle Atonl Aton2 Ato»3 Angle Atonl Atot2 Ato*3 Angle
N1 ZN N2 9 0 .2 (3 ) C23 C24 C25 112. ( 1) C42 C43 C44 1 2 2 .7 (9 )
N1 ZN N3 180-00(01 C23 C24 C26 111. ( 1) C42 C43 C48 1 1 7 .(1 )
N2 ZN N3 8 9 .8 (3 ) C23 C24 C27 110. ( 1) C44 C43 C4B 120 .8 (9 )
C4 Ni C4 10 6 .6 (9 ) C25 C24 C26 10 6 .(1 ) C43 C44 C45 111. ( 1)
C 6 N2 C9 10 8 .4 (6 ) C25 C24 C27 1 0 8 .(1 ) C43 C44 C46 1 1 4 .(1 )
C ll N3 C ll 107 .9 (9 ) C26 C24 C27 110. ( 1) C43 C44 C47 10 9 .(1 )
C3 C3 C4 107 .4 (9 ) 01 C2B C23 11 9 .(1 ) C45 C44 C46 1 0 7 .(1 )
N1 C4 C3 109 .3 (7 ) 01 C28 C29 11 9 .(1 ) C45 C44 C47 1 0 6 .(1 )
N1 C4 C5 125 .3 (9 ) C23 C28 C29 122 .2 (9 ) C46 C44 C47 110. ( 1)
C3 C4 C5 125 .4 (8 ) C23 C29 C30 12 2 .6 (9 ) C35 C48 C43 12 2 .8 (9 )
C4 C5 C6 124 .7 (8 ) C28 C29 C34 11 8 .(1 ) c m C110 Cl 15 1 0 7 .(3 !
C4 C5 C21 118 .7 (9 ) C30 C29 C34 120. ( 1) C110 c m C U 2 1 0 8 .(4 )
C6 C5 C21 116 .5 (7 ) C29 C30 C31 1 1 1 .9 (9 ) c m C112 Cl 13. 9 8 .(3 )
N2 C6 C5 127 .7 (7 ) C29 C30 C32 11 3 .(1 ) C112 Cl 13 Cl 14 101. ( 2 )
N2 C6 C7 108.9 (8) C29 C30 C33 110. ( 1) Cl 13 Cl 14 Cl 15 9 7 .(3 )
C5 C6 C7 12 3 .3 (8 ) C31 C30 C32 1 0 7 .(1 ) Clio Cl IS Cl 14 1 0 7 .(3 )
C6 C7 CB 106.4(B ) C31 C30 C33 10 6 .(1 ) C211 C210 C215 1 1 0 .(3 )
C7 CB C9 107.6(B ) C32 C30 C33 10 9 .(1 ) C210 C211 C212 11 0 .(4 )
N2 C9 CB 108 .6 (8 ) C21 C34 C29 122. ( 1) C211 C212 C213 1 1 9 .(3 )
N2 C9 CIO 126 .4 (7 ) CIO C35 C36 122. ( 1) C212 C213 C214 1 0 1 .(3 )
C8 C9 CIO 12 4 .9 (8 ) CIO C35 C48 121. 1 ( 8 ) C213 C214 C215 1 0 9 .(3 )
C9 CIO C ll 124 .3 (9 ) C36 C35 C48 117 .1 (9 ) C210 C215 C214 1 0 6 .(3 )
C9 CIO C35 115.2 (7) C35 C36 C37 12 4 .(1 ) C311 C310 C315 1 2 2 .(3 )
C ll CIO C35 120 .5 (9 ) C36 C37 C38 121. ( 1) C310 C311 C312 1 1 0 .(3 )
N3 C ll CIO 12 7 .(1 ) C36 C37 C42 11 6 .5 (8 ) C311 C312 C313 1 1 8 .(4 )
N3 C ll C12 108.1(B ) C38 C37 C42 122 .8 (9 ) C312 C313 C314 1 2 3 .(3 )
CIO C ll C12 124 .7 (9 ) C37 C38 C39 11 2 .5 (9 ) C313 C314 C315 1 2 7 .(3 )
C ll C12 C12 107 .9 (9 ) C37 C38 C40 111. ( 1) C310 C315 C314 1 1 0 .(3 )
C5 C21 C22 121. ( 1) C37 C3B C41 1 1 0 .3 (9 ) C411 C410 C415 1 0 5 .(3 )
C5 C21 C34 122. ( 1) C39 C3B C40 10 6 .(1 ) C410 C411 C412 1 1 4 .(2 )
C22 C21 C34 117.2 (9) C39 C38 C41 10 6 .(1 ) C411 C412 C413 1 0 7 .(3 )
C21 C22 C23 12 4 .(1 ) C40 C38 C41 110. ( 1) C412 C413 C414 1 1 6 .(4 )
C22 C23 C24 121. ( 1) 02 C42 C37 1 1 9 .0 (8 ) C413 C414 C415 9 4 .(3 )
C22 C23 C28 11 7 .(1 ) 02 C42 C43 11 8 .(1 ) C410 C415 C414 1 1 1 .(4 )
C24 C23 C28 122 .2 (9 ) C37 C42 C43 12 2 .8 (9 )
Numbers in  parentheses are estim ated s' andard d e v ia tio n s  in the le as t s ig n if ic a n t  d ig i ts .
Table B.3 Bond angles Involving non-hydrogen atone (•)
B7
Atoal Atoa2 At ob3 Angle Atoal Atoa2 Atoa3 Angle Atoal Atoa2 Atoa3 Angle
as:::
H25A C25 H25B 109.(21 H32A C32 H32B 11 3 .(1 ) H41A C41 H41B 1 1 4 .(2 )
H25A C25 H25C 117.(11 H32A C32 H32C 10 4 .(2 ) H41A C41 H41C 110. ( 1 )
H25B C25 H25C 10 3 .(1 ) H32B C32 H32C 121. ( 2 ) H41B C41 H41C 111. ( 1)
H26A C26 H26B 1 1 6 .(1 ) H33A C33 H33B 1 0 6 .(2 ) H45A C45 H45B 1 0 7 .(1 )
H26A C26 H26C 109.(11 H33A C33 H33C 1 1 3 .(1 ) H45A C45 H45C 109.12)
H26B C26 H26C 10 4 .(1 ) H33B C33 H33C 11 4 .(2 ) H45B C45 H45C 1 0 3 .(1 )
H27A C27 H27B 1 0 8 .(1 ) H39A C39 H39B 9 7 .(1 ) H46A C46 H46B 1 0 6 .(2 )
H27A C27 H27C 11 3 .(1 ) H39A C39 H39C 11 5 .(2 ! H46A C46 H46C 1 0 5 . i l )
H27B C27 H27C 102.(1) H39B C39 H39C 103 .(1 ) H468 C46 H46C 112. ( 2 )
H31A C31 H31B 101. ( 1) H40A C40 H40B 109 .(1 ) H47A C47 H47B 111. ( 2 )
H31A C31 H31C 1 0 4 .(2 ) H40A C40 H40C 100. ( 1) H47A C47 H47C 1 1 4 .(2 )
H31B C31 H31C 10 7 .(1 ) H40B C40 H40C 1 0 6 .(2 ) H47B C47 H47C 1 0 9 .(2 )
Ntiabers in  parentheses are  e s tia a te d  standard d e v ia tio n s  in  the le a s t s ig n if ic a n t  d ig i ts .
Table B.4 Bond angles involving hydrogen atons <*)
Atoal Atoa2 Distance Atoal Atoa2 Distance Atoal Atoa2 D istance
C3 H3 1.014(10 ) C31 H31B 1.043(10 ) C40 H40C 1. 0B( 2 )
C7 H7 1.042 (8 ) C31 H31C 0 .9 9 (2 ) C41 H41A 0 .9 8 0 (1 1 )
CB H8 0 .9 9 8 (9 ) C32 H32A 1 .07 (2 ) C41 H41B 0 .9 6 3 (1 3 )
C12 H12 0 .99 5 (1 0 ) C32 H32B 0 . 8 8 (2 ) C41 H41C 1. 0 2 ( 2 )
C22 H22 1.016(12 ) C32 H32C 0 .993 (10 ) C45 H45A 0 .9 8 (2 )
C25 H25A 0 .9 2 (2 ) C33 H33A 1 .0 3 (2 ) C45 H45B 1 .0 5 (2 )
C25 H25B 1 .0 9 (2 ) C33 H33B 1. 0 2 (2 ) C45 H45C 1 .0 3 (2 )
C25 H25C 0 .9 9 7 (8 ) C33 H33C 0 .9 3 (2 ) C46 H46A 1 .0 6 (2 )
C26 H26A 0 .93 (2 ) C34 H34 1.00B114) C46 H46B 0 .9 8 0 (1 1 )
C26 H26B 0 .997 (14 ) C36 H36 1.007 (13 ) C46 H46C 0 .9 9 (2 )
C26 H26C 1.08 (2 ) C39 H39A 1.018(10 ) C47 H47A 0 .9 6 (2 )
C27 H27A 0 .9 3 (2 ) C39 H39B 1 .1 6 (2 ) C47 H47B 1. 0 2 ( 2 )
C27 H27B 1.079(9) C39 H39C 0 .92 0 (1 4 ) C47 H47C 0 .9 8 9 (1 0 )
C27 H27C 1.020(15 ) C40 H40A 1.045(11 ) C48 H48 1 .03 4 (9 )
C31 H31A 1 .0 8 (2 ) C40 H40B 0 .9 6 (2 )
Nuabers in  parentheses are  e s tia a te d  standard d e v ia tio n s  in  the  le a s t s ig n if ic a n t  d ig i t s .
Table B. 5 Bond distances involving hydrogen atons (A.)
B8
The equation of the plane is  of the fo r * :  A*x + B*y + C*z -  D = 0 
where A,B,C I  D are  constants and x ,y  fc z are o rthogo nalized  coordinates
Plane No. A B C D A to* x y z D istance Esd
-1 .0 0 0 0  0 .0000  -0 .0002  -3 .497 7   A to*s in  P lane-
1.0000 0.0021 -0 .001 9  3.4993
N1 3.4958 8.0257 12.0259 0 .00 0 0.000
N2 3.4962 10.0772 9.9852 0.000 0.008
N3 3.4958 12.1085 12.0259 0 .00 0 0.000
■Other Atoes-----------
ZN 3.4958 10.0687 12.0259 0.000 0 .000
Atoes in  Plane
N1 3.4958 8.0257 12.0259 - 0 .010 0 .000
N2 3.4962 10.0772 9.9852 - 0.001 0.008
N3 3.4958 12.1085 12.0259 - 0.001 0.000
C3 3.5126 5.8272 11.3551 0 .004 0.015
C4 3.5006 7.2040 10.9230 -0 .0 0 5 0 .013
C5 3.5077 7.6353 9.5942 0 .006 0.012
C6 3.5185 8.9680 9.1931 0 .020 0.011
C7 3.4875 9.3792 7.8100 -0 .0 0 7 0 .012
C8 3.4920 10.7483 7.8126 0 .00 0 0 .013
C9 3.4690 11.1785 9 .1817 -0 .0 2 4 0.011
CIO 3.4982 12.5103 9.6007 0 .007 0.012
C ll 3.50B9 12.9099 10.9241 0 .016 0.014
C12 3.4866 14.2B03 11.3662 -0 .0 0 4 0.015
Chi Squared = 191476.
---------- --- ---- --- - Other Atoas-------------------
ZN 3.4958 10.0687 12.0259 -0 .0 0 5  0 .000
1.0000 0.0081 -0 .001 7  3 .5405  Atoes in  P lane------------------
N1 3 .4958 8.0257 12.0259 0 .000  0 .000
C3 3.5126 5 .8272 11.3551 0 .000  0 .015
C4 3.5006 7.2040 10.9230 0 .0 0 0  0 .013
0 .9999 0 .0153  -0 .0031 3.6192
N2
--- - - - - - -Atoes in  Plane----------
3 .4962 10.0772 9 .9852 0 .000 0 .00 8
C6 3.5185 8.9680 9.1931 0.008 0.011
C7 3.4875 9.3792 7.8100 -0 .0 1 3 0 .01 2
C8 3.4920 10.7483 7.8126 0 .0 13 0.013
C9 3.4690 11.1785 9.1817 -0 .0 0 8 0.011
Squared = 3.
-0 .9 9 9 8  -0 .010 1  -0 .01 9 2  -3 .8 47 2   Atoes in P lane-
-0 .393 7  0.7094 -0 .5846  -1 .667 3
N3 3.4958 12.1085 12.0259 0 .00 0 0.000
C ll 3.5089 12.9099 10.9241 0 .000 0.014
C12 3.4866 14.2803 11.3662 0.000 0.015
C21 3.5000 6.6147 8.5108 0.006 0.009
C22 4.5887 6.4903 7.6437 -0 .0 0 4 0 .01 0
C23 4.6206 5.6317 6.5835 -0 .0 0 6 0.011
C28 3.4714 4.8429 6.3700 0 .012 0.011
C29 2.3685 4.8969 7.2151 -0 .0 0 9 0.011
C34 2.4070 5.8039 8 .2738 0 .000 0.011
Chi Sauared =
Table B.6 Least-squares planes data
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Plane No. A
7 0.3952
C35 3.4877 13.5228 8.5033 0.006 0.010
C36 2.4178 13.6494 7.6470 -0 .0 0 8 0.010
C37 2.3848 14.5012 6.5729 - 0 . 00 1 - 0.011
C42 3.5269 15.2908 6.3646 0.011 0.011
C43 4.6431 15.2485 7.2114 - 0.011 0.011
C48 4.5913 14.3371 8.2645 0.003 0.011
Chi Squared = 3.
D ihedral Angles BetHeen Planes:
Plane No. Plane No. D ihedral Angle
1 2 179.8
1 3 179.5
1 4 179.1
1 5 1 .2
1 6 6 6 . 8
1 7 113.3
2 3 0 .3
2 4 0 .8
2 5 178.7
2 6 113.0
2 7 66 .7
3 4 0 .4
3 5 178.8
3 6 112.8
3 7 67 .0
4 5 178.7
4 6 112.4
4 7 67 .3
5 6 66 .6
5 7 112.1
6 7 108.6
Atoe x y z D istance Esd
-0 .71 0 6  -0 .5821 -13 .1 8 7 7   Ato*s in  P lane-
Table B. 6 /cont
310
_ - ----- *- 1 Lfli L " r' L ruus TLdlL n K
L rOD5 rca ic H H L hODS (•calc
0 0 2 698 787 0 8 6 523 439 0 16 7 69* 3 0 26 8 39* 5 1 3 3 149 148
0 0 4 412 458 0 8 7 29* 17 0 16 8 369 371 0 26 9 113 141 1 3 4 272 336
0 0 6 103 106 0 a 8 527 630 0 16 9 29* 10 0 28 0 0 * 36 1 3 5 0 * 121
0 0 8 908 B67 0 8 9 31* 3 0 16 10 385 44B 0 28 1 0* 3 1 3 6 938 937
0 0 10 279 298 0 8 10 190 249 0 16 11 0* 14 0 28 2 237 283 1 3 7 507 560
0 0 12 449 542 0 8 11 0* 12 0 16 12 100* 157 0 28 3 27* 4 1 3 8 292 333
0 0 14 232 262 0 8 12 20* 61 0 16 13 25* 5 0 28 4 84* 98 1 3 9 180 216
0 0 16 91* 109 0 8 13 0 * 10 0 16 14 267 300 0 28 5 0* 4 1 3 10 419 377
0 0 18 189 197 0 8 14 272 279 0 16 15 0 * 23 0 28 6 0* 97 1 3 11 386 422
0 2 0 0* 79 0 8 15 0* 7 0 IB 0 0* 6 0 28 7 23* 8 1 3 12 133 110
0 2 I 1862 1925 0 8 16 176 129 0 18 1 181 136 0 30 0 55* 6 I  3 13 0 * 57
0 2 2 0* 29 0 8 17 0 * 2 0 18 2 28* 12 0 30 1 94* 108 1 3 14 0 * 76
0 2 3 2170 2148 0 10 0 0* 109 0 IB 3 297 277 0 30 2 21* 7 1 3 15 292 310
0 2 4 64* 107 0 10 1 165 214 0 18 4 0* 6 0 30 3 60* 139 1 3 16 161 145
0 2 5 82 40 0 10 2 0* 35 0 IB 5 259 318 1 1 -18 14* 102 1 3 17 0* 16
0 2 6 46* 33 0 10 3 564 626 0 IB 6 0 * 6 1 1--17 76* 117 1 5- 18 0 * 94
0 2 7 549 619 0 10 4 0* 34 0 18 7 69* 55 1 1 -16 165 1B9 1 5--17 174 161
0 2 8 26* 17 0 10 5 209 152 0 18 8 0* 16 1 1- 15 281 274 1 5- 16 0 * 93
0 2 9 104 175 0 10 6 28* 39 0 18 9 316 334 1 1 -14 142 ioa 1 5- 15 0 * 34
0 2 10 8* 3 0 10 7 803 730 0 18 10 71* 2 1 1- 13 240 217 1 5- 14 81* 93
0 2 1! 742 771 0 10 a 72* 9 0 18 11 132 193 1 i -12 278 2B5 1 5- 13 20* 60
0 2 12 63* 6 0 10 9 403 362 0 18 12 25* 7 1 11 207 176 1 5- 12 163 165
o 2 13 205 203 o 10 10 0* 12 0 18 13 125 154 1 1 -10 151 126 1 j - 11 146 87
0 T4. 14 0 * 6 0 10 11 263 257 0 18 14 16* 17 1 1 -9 137 108 1 5- 10 453 447
0 2 15 289 310 0 10 12 25* I 0 20 0 146 82 1 1 -8 206 296 1 5 -9 354 312
0 2 16 29* 3 0 10 13 349 390 0 20 1 0* 23 1 1 -7 413 294 1 5 -8 600 596
0 2 17 104 75 0 10 14 42* 18 0 20 2 439 440 1 1 -6 437 465 1 5 -7 254 214
0 2 18 0* 4 0 10 15 252 231 0 20 3 0 * 8 1 1 ~5 785 766 1 5 -6 99 167
0 4 0 843 773 0 10 16 70* 1 0 20 4 0* 77 1 -4 1031 1001 1 5 -5 279 398
0 4 1 24* 11 0 10 17 85* 88 0 20 5 19* 16 1 1 -3 0 * 37 1 5 -4 0 * 115
0 4 2 845 814 0 12 0 374 423 0 20 6 302 326 1 1 -2 232 176 1 5 -3 772 853
0 4 3 33* 91 0 12 1 42* 115 0 20 7 0 * 18 1 1 -1 1797 1834 1 5 -2 693 832
0 4 4 280 105 0 12 2 1478 1358 0 20 8 38* 119 1 1 0 1693 1818 1 5 -1 2217 2136
0 4 5 28* 103 0 12 3 0* 41 0 20 9 0* 3 1 1 1 252 238 1 5 0 2176 2020
0 4 6 551 685 0 12 4 245 313 0 20 10 0* 22 1 1 2 39* 83 1 5 1 707 758
0 4 7 52* 15 0 12 5 0* 12 0 20 11 39* 10 1 3 1089 991 1 5 2 813 869
0 4 8 99 109 0 12 6 611 670 0 20 12 44* 59 1 1 4 752 747 1 5 3 53 * 129
0 4 9 0* 18 0 12 7 31* 2 0 20 13 0 * 3 1 1 5 395 412 1 5 4 302 432
0 4 10 537 512 0 12 8 586 626 0 22 0 0* 18 1 1 6 384 310 1 5 5 114 129
0 4 11 43* 11 0 12 9 44* 9 0 22 1 95* 126 1 1 7 166 250 1 5 6 273 234
0 4 12 343 354 0 12 10 109 142 0 22 2 23* 1 1 1 8 42* 141 1 5 7 636 624
0 4 13 22* 8 0 12 11 0* 8 0 22 3 0 * 20 1 1 9 153 113 1 5 8 367 313
0 4 14 34* 57 0 12 12 221 239 0 22 4 0* 13 1 1 10 180 163 1 5 9 464 430
0 4 15 21* 3 0 12 13 0* 12 0 22 5 207 207 1 1 11 265 254 1 5 10 140 122
0 4 16 295 316 0 12 14 138 129 0 22 6 48* 4 1 1 12 218 209 1 5 11 193 175
0 4 17 0* 4 0 12 15 22* 4 0 22 7 359 384 1 1 13 110 109 1 5 12 0 * 65
0 4 18 0* 15 0 12 16 46* 84 0 22 8 33* 4 1 1 14 259 267 1 5 13 0 * 96
0 6 0 0* 51 0 14 0 68* 21 0 22 9 135 134 1 1 15 145 198 1 5 14 50* 31
0 6 1 125 91 0 14 1 0* 24 0 22 10 63* 19 1 1 16 111 111 1 5 15 98* 70
0 6 2 25* 16 0 14 2 0* 44 0 22 11 105* 132 1 1 17 88* 97 1 5 16 177 163
0 6 3 554 470 0 14 3 445 466 0 22 12 22* 4 1 3--18 0* 19 1 5 17 89* 81
0 b 4 63* 5 0 14 4 31* 33 0 24 0 309 316 1 3- 17 141 159 1 7- 18 0 * 86
0 b 5 137 242 0 14 5 328 320 0 24 1 68* 14 1 3--16 269 319 1 7- 17 39* 28
0 b 6 0* 34 0 14 6 0 * 1 0 24 2 38* 80 1 3- 15 52* 64 1 7- 16 5 4 * 88
0 b 7 347 393 0 14 7 542 557 0 24 3 0* 10 1 3- 14 0* 74 1 7- 15 48* 134
0 b 8 0* 19 0 14 8 44* 25 0 24 4 43* 150 1 3- 13 115 106 1 7- 14 0 * 12
0 b 9 314 297 0 14 9 508 572 0 24 5 107* 2 1 3- 12 408 411 1 7--13 0* 15
0 b 10 0 * 15 0 14 10 0* 5 0 24 6 289 313 1 3- 11 427 366 1 7- 12 0 * 13
0 b 11 95* 127 0 14 11 68* 83 0 24 7 35* 10 1 3- 10 156 193 1 7--11 114 131
0 b 12 61* 1 0 14 12 0 * 22 0 24 8 193 243 1 3 -9 287 294 1 7- 10 35* 18
0 b 13 124 124 0 14 13 61* 71 0 24 9 0* 0 1 3 -8 508 593 1 7 -9 350 400
0 b 14 0* 0 0 14 14 26* 2 0 24 10 85* 116 1 3 -7 911 860 1 7 -8 0* 17
0 b 15 93* 130 0 14 15 113 123 0 24 11 0* 9 1 3 -6 5* 107 1 7 -7 181 53
0 b 16 0* 3 0 14 16 54* 14 0 26 0 0* 1 1 3 *5 260 303 1 7 -6 257 305
0 b 17 85* 149 0 16 0 544 583 0 26 1 229 251 1 TJ -4 137 172 1 7 -5 216 262
0 8 0 671 679 0 16 1 0 * 20 0 26 ? 19* 3 1 3 -3 2025 1799 1 7 -4 933 850
0 8 1 57* 28 0 16 2 271 259 0 26 3 238 224 1 j -2 1280 1270 1 7 -3 281 219
0 8 2 520 475 0 16 3 66* 9 0 26 4 22* 9 1 3 -1 190 36 1 7 -2 3B5 397
0 8 3 17* 11 0 16 4 290 313 0 26 5 195 200 I 3 0 197 50 I 7 -1 509 409
0 8 4 839 910 0 16 5 0* 35 0 26 6 0* 3 1 3 1 1338 1286 1 7 0 499 43!
0 8 5 0* 24 0 16 6 323 382 0 26 7 66* 122 1 3 2 2133 1911 1 7 1 381 363
R efle c tio n s  flagged w ith  an a s te r is k  were considered unobserved.
Table B.7 Structure factor tables (F0FC>
B11
K L . Fobs Fcalc H K L Fobs Fcalc H K l Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc
7 2 278 225 1 11 2 405 480 I 15 6 315 321 1 21 -10 0* 69 1 27 -7 0 * 133
7 3 961 B97 1 11 3 498 525 1 15 7 230 250 1 21 -9 0* 41 1 27 -6 0* 89
7 4 222 260 1 11 4 589 472 1 15 8 408 430 1 21 -8 172 155 1 27 -5 103* 94
7 5 274 303 1 11 5 327 336 1 15 9 270 265 I 21 -7 215 232 1 27 -4 35* 53
7 6 163 83 1 11 6 402 375 1 15 10 289 301 1 21 -6 160 138 1 27 -3 14B 201
7 7 98 67 1 11 7 236 215 1 15 11 69* 71 1 21 -5 132 103 1 27 -2 212 255
7 B 389 428 1 11 8 373 424 1 15 12 66* 66 1 21 -4 33* 30 1 27 -1 158 99
7 9 40* 41 1 11 9 96* 108 1 15 13 242 253 1 21 -3 0 * 15 I 27 0 114* 94
7 10 136 157 1 11 10 43* 83 1 15 14 149 146 1 21 -2 171 159 ! 27 1 240 244
7 11 0* 30 1 11 11 88* 60 1 15 15 0* 72 1 21 184 192 1 27 2 190 201
7 12 54* 13 1 11 12 104* 159 1 17- 15 0 * 61 1 21 0 176 200 1 27 3 71* 62
7 13 52* 12 I 11 13 249 251 l 17 -14 159 134 1 21 I 178 165 I 27 4 130 101
7 14 125 115 1 11 14 168 160 1 17- 13 107* 121 1 21 ? 35* 13 1 27 5 59* 89
7 15 132 87 1 11 15 156 159 1 17 -12 0* 37 1 21 3 41* 35 1 27 6 77* 125
7 16 0* 16 1 11 16 106 95 1 17- 11 212 188 1 21 4 140 102 1 27 7 81* 80
7 17 64* 85 1 13 -17 53* 64 1 17 -10 375 363 1 21 5 110* 138 1 27 8 . 110 37
9-■18 0* 18 1 13--16 42* 83 1 17 -9 113 126 1 21 6 224 238 1 29 -6 0* 60
9 -17 0* 85 1 13 -15 126 168 1 17 -8 0* 128 1 21 7 153 121 1 29 -5 0 * 35
9- 16 187 167 1 13- 14 0 * 65 1 17 -7 108 41 1 21 8 0* 45 1 29 -4 40* 50
9 -15 206 241 1 13 -13 187 192 1 17 -6 149 137 1 21 9 114* 75 1 29 -3 0* 58
9- 14 242 255 1 13- 12 75* 20 1 17 -5 0* B2 1 21 10 38* 111 1 29 -2 97* 139
9 -13 101 93 1 13 -11 0* 64 1 17 -4 84* 95 1 21 11 0* 18 i 29 - i 33* 77
9- 12 146 135 1 13- 10 300 330 1 17 -3 480 477 1 21 12 0* 33 1 29 0 31* 84
9--11 108 138 1 13 -9 382 373 1 17 -2 269 225 1 23 -12 0* 75 1 29 1 136 144
9- 10 241 269 1 13 -8 472 508 1 17 -1 51* 152 1 23- 11 0* 61 1 29 2 0 * 47
9 -9 64* 44 1 13 -7 255 248 1 17 0 144 125 1 23 -10 162 153 1 29 3 0* 51
9 -B 584 559 1 13 -6 238 257 1 17 1 267 247 1 23 -9 168 150 1 29 4 0 * 42
9 -7 30* 88 1 13 -5 537 520 1 17 2 479 503 1 23 -8 216 214 1 29 5 48* 61
9 -6 0* 29 1 13 -4 130 150 1 17 3 93* 107 1 23 -7 184 192 2 0- IB 237 219
9 “J 188 268 1 13 -3 713 722 1 17 4 48* 95 1 23 -6 197 206 2 0- 16 242 268
9 -4 23* 67 1 13 -2 557 462 1 17 5 183 155 1 23 -5 147 186 2 0- 14 127 118
9 -3 275 323 I 13 -1 396 302 1 17 6 0* 38 1 23 -4 0* 57 2 0- 12 149 136
9 -2 97 121 I  13 0 401 330 1 17 7 138 144 1 23 -3 0* 29 2 0- 10 172 148
9 -1 18B 255 1 13 1 518 463 1 17 8 149 150 1 23 -2 0* 42 2 0 -8 565 560
9 0 198 231 1 13 2 725 646 1 17 9 367 376 1 23 -1 0* 149 2 0 -6 280 235
9 1 80* 20 1 13 3 132 118 1 17 10 0* 168 1 23 0 108* 129 2 0 -4 128 72
9 2 273 257 1 13 4 538 505 1 17 11 50* 36 1 23 1 59* 78 2 0 -2 117 157
9 3 34* 143 1 13 5 235 260 1 17 12 0* 113 1 23 2 0* 24 2 0 2 110 186
9 4 164 215 1 13 6 245 247 1 17 13 162 119 1 23 3 0* 46 2 0 4 245 309
9 5 0* 18 1 13 7 476 477 1 17 14 115 87 1 23 4 145 188 2 0 6 487 552
9 6 0* 88 1 13 8 382 370 1 19- 14 0* 9 1 23 5 201 216 2 0 8 122 101
9 7 606 571 1 13 9 303 321 1 19- 13 0* 106 1 23 6 182 184 2 0 10 128 156
9 8 0* 47 1 13 10 0* 59 1 19- 12 83* 35 1 23 7 172 206 2 0 12 123 119
9 9 243 253 1 13 11 0* 31 1 19- 11 54* 72 1 23 8 147 149 2 0 14 254 271
9 10 56* 148 1 13 12 194 178 1 19- 10 0* 94 1 23 9 165 135 0 16 1B3 217
9 11 140 145 1 13 13 86* 46 1 19 -9 93* 177 1 23 10 50* 73 2 2- 19 111 150
9 12 107 100 1 13 14 154 167 1 19 -8 0 * 81 1 23 11 0* 66 2 2- 18 0 * 33
9 13 245 250 1 13 15 0* 79 1 19 -7 38* 46 1 25--11 94* 58 2 2- 17 279 298
9 14 177 225 1 13 16 0* 70 1 19 -6 131 108 1 25- 10 61* 91 2 2- 16 0 * 43
9 15 192 157 1 15- 16 33* 44 1 19 -5 0* 39 1 25 -9 125 145 2 2- 15 0* 107
9 16 99* 91 1 15- 15 167 159 1 19 -4 94* 82 1 25 -8 52* 80 2 2- 14 0 * 20
9 17 0* 29 1 15--14 273 262 1 19 -3 286 300 1 25 -7 156 162 2 2--13 266 268
1- 17 102 92 1 15- 13 0* 60 1 19 -2 460 488 1 25 -6 235 255 2 2- 12 125 103
1- 16 167 163 1 15- 12 115 91 1 19 -1 238 209 1 25 -5 135 128 2 2--11 206 178
1- 15 219 170 1 15- 11 283 296 1 19 0 239 214 1 25 -4 121 161 2 2- 10 111 96
1- 14 250 268 1 15- 10 257 275 1 19 1 467 488 1 25 -3 132 155 2 2 -9 885 770
1- 13 134 164 1 15 -9 406 415 1 19 2 259 329 1 25 - ? 152 142 2 2 - 3 168 102
1- 12 71* 58 1 15 -8 239 276 1 19 O 0* 75 1 25 - 1 207 231 2 2 -7 692 762
1- 11 85* 88 1 15 -7 315 316 I 19 4 43* 44 1 25 0 191 231 2 2 -6 512 439
1- 10 0 * 80 1 15 -6 182 169 1 19 5 123 115 1 25 1 18* 137 2 2 -5 977 1119
1 -9 370 416 1 15 -5 0* 137 1 19 6 68* 50 1 25 2 178 155 2 2 -4 1337 1302
1 -8 235 216 1 15 -4 394 419 1 19 7 30* 53 I 25 3 94* 176 2 2 -3 756 757
1 -7 383 374 1 15 -3 2B8 293 1 19 8 118 157 1 25 4 136 139 2 2 -2 132 150
1 -6 315 327 1 15 -2 238 242 1 19 9 138 110 1 25 5 228 246 2 2 0 131 69
1 -5 590 519 1 15 -1 38* 26 1 19 10 0* 71 1 25 6 123 155 2 2 1 765 763
1 -4 505 510 1 15 0 88* 21 1 19 11 0* 22 1 25 7 40* 77 2 2 9 1369 1370
1 -3 411 427 1 15 1 251 252 1 19 12 13* 87 1 25 8 0 * 144 2 2 3 995 1030
1 -2 798 815 1 15 2 276 252 1 19 13 0* 20 1 25 9 96* 92 2 2 4 526 485
1 -1 0* 128 1 15 3 395 410 1 21- 13 106* 39 1 25 10 0* 46 2 2 5 683 749
1 0 33* 117 1 15 4 142 98 1 21- 12 0 * 30 1 27 -9 0 * 35 2 2 6 146 92
I 1 780 832 1 15 5 172 185 1 21- 11 115 123 1 27 -8 0* 67 9 2 7 852 797
Ref lections flagged with an aste r isk Here considered unobserved.
B12
H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs 1Fcalc H K L Fobs 1: calc H K L Fobs Fcalc
2 2 8 53* 81 ■y 6 8 122 55 2 10 9 148 149 2 14 13 253 240 2 20 -6 0 * 23
2 2 9 199 181 2 6 9 46* 85 2 10 10 86* 54 2 14 14 86* 22 2 20 -5 30* 30
2 2 10 65* 85 2 6 10 0* 57 2 10 11 131 128 2 14 15 105 101 2 20 -4 120 105
2 2 11 261 277 2 6 11 19* 23 2 10 12 78* 85 2 16--16 156 144 2 20 -3 47* 53
2 2 12 0* 50 2 6 12 48* 26 2 10 13 411 441 2 16--15 55* 31 2 20 -2 449 465
2 2 1J 93* 123 2 6 13 0* 16 2 10 14 0 * 5 2 16--14 233 210 2 20 -1 0 * 9
2 2 14 0* 55 2 6 14 0* 33 2 10 15 217 206 2 16--13 46* 37 2 20 0 454 472
2 2 15 287 300 2 6 15 139 112 2 10 16 0* 13 2 16--12 276 266 2 20 1 41* 54
2 2 16 0* 44 2 6 16 0* 37 2 12--17 0* 11 2 16--11 0* 21 2 20 2 86* 108
2 2 17 129 152 2 8--18 28* 32 2 12-■16 241 202 2 l i ­■10 372 358 2 20 3 0* 44
2 4--19 35* 15 2 8--17 0* 8 2 12--15 71* 66 2 l t -9 44* 15 2 20 4 0* 18
2 4--18 136 157 2 8--16 312 302 2 12--14 271 273 2 16 -8 124 1B5 2 20 5 0* 59
2 4--17 31* 52 2 8--15 54* 76 2 12--13 0* 33 2 16 -7 0* 70 2 20 6 55* 39
2 4--16 157 177 2 8--14 104 107 2 12-■12 0* 69 2 16 -6 20* 171 2 20 7 0* 27
2 4 -15 104 119 2 8--13 0* 9 2 12--11 0* 63 2 16 -5 76* 47 2 20 8 0 * 39
2 4--14 0* 22 2 8--12 29* 29 2 12-•10 339 358 2 16 -4 386 384 2 20 9 0* 26
2 4-•13 49* 22 2 8--11 52* 43 2 12 -9 56* 65 2 16 -3 116 135 2 20 10 125 96
2 4--12 360 364 2 8-•10 182 213 2 12 -B 395 351 2 16 -2 297 296 2 20 11 0 * 73
2 4--11 101 81 2 8 -9 0* 17 2 12 -7 40* 70 2 16 -1 0* 41 2 20 12 0* 118
L 4-•10 401 408 2 8 -8 393 370 2 12 -6 503 402 2 16 0 311 308 n 22- 13 96* 104
2 4 -Q 150 159 9 B -7 0 * 12 2 12 -5 170 172 2 16 1 132 102 2 22-■12 83* 64
2 4 -8 1064 1054 2 8 -6 i 87 125 2 12 -4 344 225 2 16 2 372 384 2 22-•11 247 238
2 4 -7 225 101 2 8 _5 ,)?9 206 2 12 -3 218 199 2 16 3 100 35 2 22--10 105* 49
2 4 -6 636 639 2 8 -4 47* 80 2 12 -2 740 794 2 16 4 154 181 2 22 -9 115 94
2 4 -4 769 827 2 8 -3 219 210 2 12 -1 65* 2 2 16 J 61* 28 2 22 -8 111 33
2 4 -3 191 19 2 e -2 612 709 2 12 0 718 795 2 16 6 145 172 2 22 -7 276 277
2 4 -2 1012 878 2 8 -1 0* 15 2 12 1 211 148 2 16 7 0* 26 2 22 -6 43* 33
2 4 -1 0* 129 2 8 0 597 641 2 12 2 338 296 2 16 8 361 363 2 22 -5 45* 70
2 4 0 1008 886 2 8 1 229 168 2 12 3 180 208 2 16 9 85* 14 2 22 -4 50* 36
2 4 1 193 68 2 8 2 42* 42 2 12 4 497 456 2 16 10 260 272 2 22 -3 0 * 51
2 4 2 797 869 2 B 3 236 248 2 12 5 51* 50 2 16 11 0* 32 2 22 -2 108 109
2 4 4 648 654 2 8 4 176 121 2 12 6 392 379 2 16 12 203 205 2 22 -! 270 267
2 4 5 192 117 ni. 8 5 0* 31 2 12 7 77* 56 2 16 13 90* 13 2 22 0 108* 137
2 4 6 1111 1096 2 8 6 392 365 2 12 8 353 366 2 16 14 121 142 2 22 1 143 49
2 4 7 178 117 2 8 7 88* 21 2 12 9 0* 57 2 18-■15 44* 55 2 22 2 78* 36
2 4 8 394 373 2 8 8 178 205 2 12 10 40* 64 2 18- 14 0* 2 2 22 3 87* 71
2 4 9 96* 82 Ti. 8 9 0* 68 2 12 1! 36* 43 2 18-■13 122 170 2 22 4 55* 30
2 4 10 363 343 2 8 10 0* 26 2 12 12 259 274 2 1B- 12 0 * 24 2 22 5 275 27 B
2 4 11 105 31 2 8 1! 54* 4 2 12 13 90* 44 2 18--11 154 141 2 22 6 0* 6
2 4 12 45* 21 2 8 12 86* 104 2 12 14 176 204 2 18- 10 30* 75 2 22 7 0* 107
2 4 13 153 135 2 8 13 38* 85 2 12 15 72* 14 2 18 -9 0* 18 2 22 8 90* 67
2 4 14 161 185 2 8 14 298 302 2 14- 17 98* 102 2 18 -8 135 131 2 22 9 231 250
2 4 15 0* 73 2 8 15 0* 8 2 14--16 24* 45 ■2 18 -7 54* 94 2 22 10 91* 67
2 4 16 141 159 2 8 16 0* 33 2 14-■15 251 240 2 18 -6 0* 6 2 22 11 93* 99
2 4 17 0 * 5 2 10-■18 0* 8 2 14--14 0 * 64 2 18 -5 70* 49 2 24--12 129 91
6-•18 0* 20 2 10- 17 199 203 2 14-■13 110 82 2 18 -4 36* 34 2 24-•11 68* 42
2 6-■17 107 106 2 10-■16 0* 9 2 14-■12 59* 15 2 IB -3 621 603 2 24-■10 227 234
6-■16 0* 11 2 10- 15 417 436 2 14- 11 290 291 2 18 -2 0 * 55 2 24 -9 57* 49
2 6--15 0* 17 2 10-•14 49* 69 2 14-■10 90* 55 2 IB -1 391 432 2 24 -8 138 168
2 6-■14 51* 25 2 10- 13 128 113 2 14 -9 480 441 2 18 0 0* 46 2 24 -7 0* 8
2 6-■13 36* 19 2 10-■12 0* 46 2 14 -8 0* 84 2 18 1 632 623 2 24 -6 312 315
2 6-■12 0* 31 2 10- 11 115 152 2 14 -7 307 338 2 18 2 0 * 9 2 24 -5 0 * 29
2 6-•11 28* 100 2 10-■10 49* 13 2 14 -6 137 120 2 18 3 0* 42 2 24 -4 0 * 16
2 6- 10 112 59 2 10 -9 218 314 2 14 -5 610 560 2 18 4 0 * 20 2 24 -3 0* 43
b -9 631 734 2 10 -8 36* 41 2 14 -4 388 389 2 18 J 134 107 2 24 -2 273 289
z b -8 118 73 2 10 -7 357 417 2 14 -3 561 546 2 18 6 68* 113 2 24 -1 0* 18
2 b -7 407 420 o 10 -6 52* 127 2 14 -2 0* 140 2 IB 7 0 * 23 2 24 0 296 283
2 b -6 422 267 2 10 -5 329 215 2 14 -1 534 526 2 IB 8 108* 57 2 24 1 0 * 47
2 b -5 939 1008 2 10 -4 0 * 92 2 14 0 0* 103 2 18 9 143 152 2 24 2 0* 16
2 b -4 211 152 2 10 -3 619 615 2 14 1 568 532 2 18 10 0 * 16 2 24 3 0 * 33
2 b -3 221 168 2 10 _2 245 260 2 14 2 403 366 2 IB 11 151 161 2 24 4 322 324
2 b -2 579 606 2 10 -\ 565 530 2 14 3 612 534 2 18 12 0 * 38 2 24 5 0 * 7
L b -1 1142 1352 2 10 0 255 300 2 14 4 143 83 2 18 13 0* 50 2 24 6 155 171
2 b 0 577 675 ? 10 1 626 600 2 14 5 307 301 2 20- 14 124 124 2 24 7 0* 51
2 b 1 226 238 2 10 2 13* 74 2 14 6 51* B7 2 20-•13 0 * 51 2 24 8 240 247
2 b 2 226 194 2 10 3 336 24B 2 14 7 466 462 2 20- 12 0* 101 2 24 9 0 * 29
2 6 3 962 1014 2 10 4 59* 118 2 14 8 90* 47 2 20-■11 0 * 27 2 24 10 0* 91
2 b 4 431 331 2 10 5 364 418 2 14 9 290 294 2 20- 10 54* 29 2 26- to 0 * 11
2 b 5 417 418 2 10 6 0* 53 2 14 10 0* 22 •j 20 -9 0* 55 2 26 -9 73* 91
2 b 6 135 5 2 10 7 208 296 2 14 11 144 90 2 20 -8 25* 50 2 26 -8 0 * 26
2 b 7 651 705 2 10 8 0* 36 2 14 12 0 * 52 2 20 -7 0* 40 2 26 -7 203 245
Ref lect ions flaqqed with an asterisk were considered unobserved.
B13
H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs :ca lc H K L Fobs -ca lc H K L Fobs Fcalc
2 26 -6 101« 31 3 1 16 189 182 3 5 15 182 169 3 9 15 0* 86 3 15- 15 174 163
2 26 -5 39* 112 3 3 -19 0 * 36 3 5 16 0* 24 3 11 -IB 90* 90 3 15- 14 0* 30
2 26 -4 100* 19 3 3 -18 66* 118 3 7--19 95 79 3 11--17 126 103 3 15- 13 0* 52
2 26 -3 247 278 3 3 -17 263 284 3 7 -18 0* 9 3 11 -16 95* 99 3 15- 12 263 258
2 26 -2 0* 33 3 3 -16 0* 40 3 7-•17 214 200 3 11- 15 294 282 3 15- 11 245 240
2 26 -1 322 369 3 3 -15 0* 16 3 7 -16 165 146 3 11 -14 234 252 3 15- 10 374 380
2 26 0 0* 29 3 3--14 207 207 3 7- 15 33* 17 3 11- 13 135 119 3 15 -9 232 207
2 26 1 272 271 3 3 -13 238 276 3 7--14 29* 18 3 11 -12 194 182 3 15 -8 309 307
2 26 2 44* 28 3 3--12 469 448 3 7- 13 105 119 3 11- 11 122 130 3 15 -7 152 109
2 26 3 174 118 3 3 -11 96 104 3 7--12 89* 117 3 11--10 413 419 3 15 -6 180 170
2 26 4 0* 25 3 3--10 269 264 3 7- 11 117 79 3 11 -9 204 196 3 15 -5 432 415
2 26 5 221 235 3 3 -9 917 809 3 7--10 53B 466 3 11 -8 448 441 3 15 -4 22* 97
2 26 6 0* 13 3 3 -8 533 361 3 7 -9 294 292 3 11 -7 596 620 3 15 -3 151 114
2 26 7 0* 91 3 3 -7 0* 142 3 7 -8 315 310 3 11 -6 295 301 3 15 -2 277 304
2 26 8 41* 9 3 3 -6 169 156 3 7 -7 37* 145 3 11 -5 145 156 . 3 15 -1 271 271
2 28 -8 97* 142 3 3 "5 117 191 3 7 -6 677 810 3 11 -4 517 544 3 15 0 162 113
2 28 -7 0* 20 3 3 -4 1002 1067 3 7 -5 641 660 3 11 -3 675 595 j 15 1 64* 91
n 28 -6 34* 77 3 j “ 0 1768 1567 3 7 -4 527 501 3 11 -2 1022 963 3 15 2 441 452
2 28 - 5 0* 42 3 3 -2 178 109 3 7 -3 66* 33 3 11 -[ 1026 1002 3 15 3 167 185
2 28 -4 55* 64 3 3 -1 166 73 3 7 -2 770 766 3 11 n 695 626 3 15 4 153 123
28 -3 0* 37 3 3 0 1681 1435 3 7 -1 766 757 3 11 1 518 583 3 15 5 311 305
2 28 -2 218 226 3 3 1 1005 964 3 7 0 39* 41 3 11 2 167 154 3 15 6 224 229
2 28 -1 56* 7 3 3 2 135 117 3 7 1 541 482 3 11 3 291 287 3 15 7 374 376
2 23 0 214 223 3 3 3 186 120 3 7 2 670 662 3 11 4 611 589 3 15 8 218 236
2 28 1 0* 49 3 3 4 24* 127 3 7 3 703 776 3 11 5 479 458 3 15 9 252 254
2 28 2 0* 69 3 3 5 530 438 3 7 4 0* 63 3 11 6 215 193 3 15 10 67* 78
2 28 3 0* 39 3 3 6 923 798 3 7 5 324 303 3 11 7 430 444 3 15 11 0 * 23
2 28 4 104* 75 3 3 7 248 241 3 7 6 292 280 3 11 8 45* 133 3 15 12 173 165
2 28 J 0* 13 3 3 8 93* 74 3 7 7 545 515 3 11 9 188 169 3 15 13 95* 124
2 28 6 63* 130 3 3 9 464 467 3 7 8 79* 78 3 11 10 127 127 3 15 14 16* 83
2 30 -4 91* 58 3 3 10 232 282 3 7 9 0* 110 3 11 11 231 247 3 17- 16 153 148
2 30 -3 0* 13 3 3 11 176 207 3 7 10 141 139 3 11 12 273 296 3 17- 15 75* 78
2 30 -2 0* 40 3 3 12 0* 20 3 7 11 0* 25 3 11 13 145 99 3 17- 14 0 * 91
2 30 -1 224 263 3 3 13 0* 42 3 7 12 0* 16 3 11 14 0* 116 3 17- 13 0 * 11
2 30 0 89* 43 3 3 14 273 286 3 7 13 186 159 3 11 15 80* 91 3 17- 12 95* 65
2 30 1 48* 13 3 3 15 88* 127 3 7 14 190 202 3 13--18 0* 64 3 17- 11 219 240
2 30 2 0* 37 3 3 16 0* 37 3 7 15 0* 19 3 13- 17 84* 57 3 17- 10 105 141
3 1- 1? 139 177 3 5--19 0* 17 3 7 16 0* 76 3 13- 16 76* 92 3 17 -9 144 163
3 1- 18 99* 103 3 5- 18 166 179 3 9- 18 118 82 3 13- 15 0* 19 3 17 -8 0* 57
3 1- 17 0* 43 3 5--17 133 125 3 9- 17 140 104 3 13- 14 151 155 3 17 -7 119 86
3 1- 16 176 173 3 5- 16 64* 107 3 9- 16 307 300 3 13- 13 84* 100 3 17 -6 202 195
3 1- 15 241 230 3 5- 15 104 94 VJ 9- 15 265 294 3 13- 12 0* 29 3 17 -5 155 136
3 1- 14 346 298 3 5- 14 105 164 3 9- 14 135 114 3 13- 11 246 259 3 17 -4 168 16B
3 1- 13 233 231 3 5- 13 262 257 3 9- 13 125 121 3 13- 10 256 222 3 17 -3 60* 24
3 1- 12 0* 39 3 5- 12 26* 150 3 9- 12 75* 103 3 13 -9 439 454 3 17 -2 158 158
3 1- 11 203 234 3 5- 11 113 173 3 9- 11 377 387 3 13 -8 379 361 3 17 -1 136 146
3 1- 10 607 618 3 5- 10 159 207 3 9- 10 161 170 3 13 -7 351 341 3 17 0 0* 60
o 1 -9 601 618 3 5 -9 45* 125 3 9 -9 246 249 3 13 -6 456 471 3 17 1 150 153
3 1 -8 579 579 3 5 -8 258 410 3 9 -8 127 145 3 13 -5 119 5B 3 17 2 138 141
3 1 -7 312 328 3 5 -7 254 203 3 9 -7 116 62 3 13 -4 401 488 3 17 3 194 184
3 1 -6 294 264 3 5 -6 305 268 3 9 -6 464 502 3 13 -3 550 522 3 17 4 50* 85
3 1 -5 475 439 3 5 “ J 496 367 3 9 -5 339 290 3 13 -2 354 409 3 17 5 0* 31
3 1 -4 1193 1267 3 5 -4 708 723 3 9 -4 68* 31 3 13 -1 346 329 3 17 6 116 150
j 1 -3 97 202 3 5 -3 940 883 3 9 -3 860 881 3 13 0 532 521 3 17 7 118 124
0 1 -2 1453 1631 3 5 -2 1382 1330 3 9 -2 807 836 3 13 1 392 495 3 17 8 211 238
1 -1 1441 1612 3 5 -1 1369 1307 3 9 -1 814 868 j 13 2 112 81 3 17 9 0 * 88
3 1 I 1201 1225 3 5 0 935 802 3 9 0 845 883 3 13 3 450 474 3 17 10 O* 12
j 1 2 461 459 3 5 1 738 722 3 9 1 0* 51 3 13 4 338 319 3 17 11 133 87
3 1 3 296 361 3 5 2 506 446 3 9 2 337 287 3 13 5 381 383 3 17 12 O* 101
j 1 4 307 277 3 5 3 309 371 3 9 3 467 489 3 13 6 454 466 3 17 13 141 126
1 5 544 627 3 5 4 253 232 3 9 4 i l l 66 3 13 7 209 202 3 19- 15 111* 88
j 1 6 577 616 3 5 5 252 348 3 9 5 165 132 3 13 8 259 259 3 19-•14 51* 66
3 1 7 572 624 3 5 6 0* 68 3 9 6 237 240 3 13 9 0* 34 3 19- 13 110* 64
3 1 8 180 194 3 5 7 154 238 j 9 7 168 155 3 13 10 0* 96 3 19 -12 31* 53
3 1 9 70* 31 3 cJ 8 132 176 3 9 8 373 366 3 13 11 106* 171 3 19- 11 0* 15
3 1 10 207 230 3 5 9 120 141 3 9 9 94* 97 3 13 12 0* 22 3 19 -10 0 * 73
3 1 11 326 304 3 5 10 22B 238 3 9 10 65* 116 3 13 13 97* 90 3 19 -9 41* 49
j 1 12 254 238 3 5 11 155 159 3 9 11 143 111 3 13 14 52* 64 3 19 -8 186 159
3 1 13 163 184 3 5 12 64* 99 3 9 12 284 285 3 13 15 49* 60 3 19 -7 225 218
j 1 14 55* 40 3 5 13 0* 106 3 9 13 324 319 3 15 -17 138 111 3 19 -6 151 145
3 1 15 123 105 3 5 14 160 145 j 9 14 0*' 116 3 15- 16 90* 107 3 19 -5 148 92
Reflections flaqaed with an asterisk  were considered unobserved.
B14
Values of 10*Fobs and 10*Fcalc
H K L Fobs Fcalc H K L Fobs
3 19 -4 252 252 3 25 -7 269
3 19 -3 389 354 3 25 -4 145
3 19 -2 204 209 3 25 -5 0*
3 19 -1 205 194 3 25 -4 34*
3 19 0 37 6 383 3 25 -3 0 *
3 19 1 270 240 3 25 -2 341
3 19 2 121 120 3 25 -1 336
3 19 3 187 137 3 25 0 75*
3 19 4 24B 217 3 25 1 0 *
3 19 5 201 170 3 25 2 117*
3 19 6 0* 89 3 25 3 138
3 19 7 0 * 85 3 25 4 276
3 19 8 41* 11 3 25 5 144
3 19 9 40* 41 3 25 6 72*
3 19 10 75* 49 3 25 7 103*
3 19 11 0* 93 3 25 8 0 *
3 19 12 0 * 72 j 25 9 55*
3 21-14 144 114 3 27-10 0*
3 21-13 42* 73 3 27 -9 45*
3 21-12 178 172 3 27 -3 0 *
3 21-11 0 * *40 3 27 -7 0*
3 21-10 39* 45 3 27 -4 103*
3 21 -9 139 125 3 27 -5 0*
3 21 -8 207 243 3 27 -4 60*
3 21 -7 241 282 3 27 -3 151
3 21 -6 0* 25 3 27 -2 113*
3 21 -5 0 * 72 3 27 -1 99*
3 21 -4 114 135 3 27 0 211
3 21 -3 124 132 3 27 1 71*
3 21 -2 217 234 3 27 2 0 *
3 21 -1 198 204 3 27 3 150
3 21 0 142 129 3 27 4 0*
3 21 1 139 131 3 27 5 0*
3 21 2 0* 42 3 27 6 0*
3 21 3 39* 35 3 27 7 0*
3 21 4 241 287 3 29 -7 0*
3 21 5 178 230 3 29 -6 59*
3 21 6 139 147 3 29 -5 68*
3 21 7 72* 49 3 29 -4 0*
3 21 8 42* 14 3 29 -3 36*
3 21 9 199 195 3 29 -2 0*
3 21 10 44* 85 3 29 -1 0*
3 21 11 44* 111 3 29 0 110*
3 23-13 0* 109 j 29 1 0 *
3 23-12 94* 133 3 29 2 78*
3 23-11 155 180 3 29 3 69*
3 23-10 42* 42 3 29 4 51*
3 23 -9 0 * 111 4 0-20 139
3 23 -8 293 299 4 0-18 137
3 23 -7 241 251 4 0-16 529
3 23 -6 174 185 4 0-14 490
3 23 -5 44* 125 4 0-12 254
3 23 -4 0 * 124 4 0-10 81*
3 23 -3 207 194 4 0 -8 600
3 23 -2 225 187 4 0 -6 1407
3 23 -1 218 210 4 0 -4 1059
3 23 0 194 193 4 0 -2 2733
3 23 1 124 124 4 0 0 1030
3 23 2 142 122 4 0 2 1364
3 23 3 194 178 4 0 4 562
3 23 4 231 252 4 0 6 82*
3 23 5 299 305 4 0 8 234
3 23 6 0* 108 4 0 10 457
3 23 7 0* 57 4 0 12 517
3 23 8 187 211 4 0 14 126
3 23 9 91* 124 4 0 16 158
3 23 10 50* 114 4 2-20 0*
3 25-11 107* 114 4 2-19 131
3 25-10 94* 145 4 2-18 136
3 25 -9 0 * 23 4 2-17 327
3 25 -8 124 129 4 2-16 191
fief le c t io n s  flagged with an as te r i st were
Fcalc H K L Fobs Fcalc H K L
294 4 2-15 333 358 4 6-16
117 4 2-14 59* 50 4 6-15
106 4 2-13 392 396 4 6-14
19 4 2-12 189 211 4 6-13
75 4 2-11 0* 36 4 6-12
369 4 2-10 187 144 4 6-11
358 4 2 -9 781 747 4 6-10
84 4 2 -8 151 71 4 6 -9
23 4 2 -7 516 640 4 6 -8
85 4 2 -6 143 161 4 6 -7
128 4 2 -5 286 296 4 6 -6
285 4 2 -4 1743 1690 4 6 -5
126 4 2 -3 1847 1642 4 6 -4
33 4 2 -2 36* 36 4 6 -3
150 4 2 -1 1717 1648 4 6 -2
119 4 2 0 1615 1537 4 6 -1
78 4 2 1 285 264 4 6 0
30 4 2 2 121 137 4 6 1
83 4 2 3 517 633 4 6 2
73 4 2 4 127 56 4 6 3
85 4 2 5 750 760 4 6 4
140 4 2 6 180 93 4 6 5
56 4 2 7 0* 48 4 6 6
149 4 2 8 205 198 4 6 7
175 4 2 9 383 367 4 6 8
143 4 2 10 0 * 74 4 6 9
148 4 2 11 339 352 4 6 10
170 4 2 12 205 224 4 6 11
143 4 2 13 340 372 4 6 12
59 4 2 14 66* 109 4 6 13
120 4 2 15 0* 70 4 6 14
85 4 2 16 0* 35 4 6 15
84 4 4-20 0* 13 4 8-19
70 4 4-19 0* 64 4 8-18
37 4 4-18 257 280 4 8-17
30 4 4-17 0* 41 4 8-16
53 4 4-16 41* 65 4 8-15
106 4 4-15 141 127 4 8-14
78 4 4-14 290 289 4 B-13
118 4 4-13 0* 6 4 8-12
60 4 4-12 430 418 4 8-11
48 4 4-11 183 168 4 8-10
118 4 4-10 422 446 4 8 -9
83 4 4 -9 92 24 4 8 -B
100 4 4 -8 540 522 4 8 -7
48 4 4 -7 143 233 4 B -6
37 4 4 - 6 301 402 4 8 -5
149 4 4 -5 489 485 4 B -4
95 4 4 -4 905 821 4 8 -3
533 4 4 -3 105 102 4 8 -2
443 4 4 -2 1332 1467 4 8 -1
224 4 4 -1 98 117 4 8 0
25 4 4 0 859 897 4 8 1
689 4 4 1 499 598 4 8 2
1456 4 4 2 312 409 4 8 3
932 4 4 4 548 533 4 8 4
2577 4 4 5 0 * 14 4 8 5
860 4 4 6 412 457 4 8 6
1372 4 4 7 193 161 4 8 7
661 4 4 8 427 414 4 8 8
47 4 4 9 61* 15 4 8 9
212 4 4 10 299 284 4 8 10
447 4 4 11 155 126 4 B 11
521 4 4 12 125 70 4 8 12
n o 4 4 13 0* 46 4 8 13
149 4 4 14 266 275 4 8 14
42 4 4 15 0 * 64 4 8 15
65 4 4 16 0* 13 4 10-19
99 4 6-1? 0* 102 4 10-18
365 4 6-18 0 * 23 4 10-17
237 4 6-17 68* 93 4 10-16
co ns idere d  unobserved.
Page 5
Fobs Fcalc H K L Fobs Fcalc
50* 43 4 10-15 299 301
75* 81 4 10-14 0* 39
0* 31 4 10-13 293 302
188 167 4 10-12 107 97
100 123 4 10-11 362 387
464 475 4 10-10 0 * 119
0* 124 4 10 -9 348 336
0* 39 4 1 0 - 8 133 99
433 391 4 10 -7 255 202
118 100 4 10 -6 31* 6
176 80 4 10 -5 505 437
1090 1281 4 10 -4 246 234
248 278 4 10 -3 795 685
530 651 4 10 -2 0* 42
0* 6 4 10 - I 793 658
515 579 4 10 0 222 364
250 283 4 10 1 511 490
1115 1225 4 10 2 0 * 4
199 208 4 10 3 273 203
113 155 4 10 4 103 74
438 384 4 10 5 331 354
96 61 4 10 6 0 * 104
0* 95 4 10 7 353 398
474 465 4 10 8 106 106
168 121 4 10 9 282 291
207 187 4 10 10 0 * 38
0 * 36 4 10 11 291 298
0* 80 4 10 12 100* 61
64* 32 4 10 13 217 204
0 * 89 4 10 14 101* 31
0* 11 4 10 15 0* 119
126 98 4 12-18 128 139
0* 24 4 12-17 115 58
116 76 4 12-16 136 116
0* 70 4 12-15 0 * 3
192 195 4 12-14 173 186
0* 51 4 12-13 0* 58
90* 133 4 12-12 153 165
0 * 49 4 12-11 0* 45
346 335 4 12-10 682 669
117 64 4 12 -9 33 * 43
400 396 4 12 -8 471 472
120 141 4 12 -7 76* B9
679 638 4 12 -6 74* 50
306 183 4 12 -5 76* 34
567 532 4 12 -4 713 682
195 239 4 12 -3 21* 29
271 327 4 12 -2 677 804
26* 5 4 12 - I 60* 133
102 227 4 12 0 704 632
0* 109 4 12 1 25* 26
269 318 4 12 2 0* 61
204 237 4 12 3 39* 56
593 602 4 12 4 471 449
311 284 4 12 5 0 * 23
716 668 4 12 6 684 638
147 105 4 12 7 0 * 4
401 454 4 12 8 125 162
74* 53 4 12 9 122 64
358 339 4 12 10 193 179
51* 43 4 12 11 0 * 13
96* 126 4 12 12 117 109
0* 62 4 12 13 34* 51
208 201 4 12 14 101* 138
0* 66 4 14-18 33* 11
0* 79 4 14-17 35* 118
0 * 26 4 14-16 0* 69
76* 115 4 14-15 70* 90
9* 25 4 14-14 0* 46
223 198 4 14-13 116 ■121
0* 38 4 14-12 0 * 18
B15
V alu es ol jythobs and 1 0 * fc a lc
H' K L Fobs Fcalc H K L Fobs
4 14--11 55B 542 4 IB -1 414
4 14--10 0* 20 4 18 0 0*
4 14 -9 618 597 4 18 1 153
4 14 -8 0i 2 4 18 2 59*
4 14 -7 462 473 4 18 3 231
4 14 -6 43* 3 4 18 4 96*
4 14 - j 253 242 4 IB 5 178
4 14 -4 414 450 4 IB 6 75*
4 14 -3 505 518 4 IB 7 266
4 14 -2 0 * 16 4 IB 8 33*
4 14 -1 516 591 4 IB 9 25*
4 14 0 410 424 4 18 10 0 *
4 14 1 272 265 4 18 11 0 *
4 14 2 0 * 30 4 18 12 52*
4 14 3 472 486 4 20-■15 53*
4 14 5 589 583 4 20-•14 0*
4 14 6 0 * 27 4 20-•13 28*
4 14 7 530 546 4 20-■12 0 *
4 14 8 30* 11 4 20- 11 0 *
4 14 9 95* 112 4 20-■10 125
4 14 10 62* 27 4 20 -9 132
4 14 11 124 90 4 20 -8 362
4 14 12 63* 63 4 20 -7 126
4 14 13 130 109 4 20 -6 142
4 14 14 0 * 5 4 20 -5 0 *
4 16--17 0 * 13 4 20 -4 192
4 16- 16 159 180 4 20 -3 0 *
4 16--15 0* 44 4 20 -2 404
4 16- 14 48* 18 4 20 -1 39*
4 16-■13 53* 11 4 20 0 223
4 16-■12 483 478 4 20 1 158
4 16-■11 35* 21 4 20 2 124
4 16- 10 399 398 4 20 3 147
4 16 -9 0* 28 4 20 4 379
4 16 -8 268 313 4 20 5 114*
4 16 -7 119 143 4 20 6 163
4 16 -6 217 221 4 20 7 130
4 16 -5 238 212 4 20 8 0*
4 16 -4 101 83 4 20 9 40*
4 16 -3 0 * 8 4 20 10 0 *
4 16 -2 361 304 4 20 11 17*
4 16 - I 0* 45 4 22-■14 0 *
4 16 0 0 * 67 4 22- 13 0 *
4 16 1 229 257 4 22-•12 28*
4 16 2 200 202 4 22- 11 149
4 16 3 137 152 4 22-•10 0 *
4 16 4 263 338 4 22 -9 391
4 16 5 0* 34 4 22 -8 0 *
4 16 6 390 408 4 22 -7 273
4 16 7 48* 12 4 22 -6 154
4 16 8 467 471 4 22 -5 173
4 16 9 100* 24 4 22 -4 126
4 16 10 0 * 15 4 22 -3 189
4 16 11 56* 36 4 22 -2 95*
4 16 12 218 184 4 22 -1 190
4 16 13 78* 9 4 22 0 151
4 18-•16 118 25 4 22 1 196
4 18-•15 63* 34 4 22 2 152
4 1B- 14 0 * 26 4 22 3 268
4 18-■13 0* 19 4 22 4 0*
4 18-■12 0* 0 4 22 5 367
4 18-■11 259 288 4 22 6 79*
4 1B-■10 80* 12 4 22 7 128
4 18 -9 131 117 4 22 8 0 *
4 18 -8 48* 65 4 22 9 162
4 18 -7 239 228 4 22 10 0*
4 18 -6 0 * 24 4 24- 13 0 *
4 18 -5 137 139 4 24-■12 104*
4 18 -4 66* 44 4 24- 11 0 *
4 18 -3 432 429 4 24-•10 103*
4 18 -2 0* 14 4 24 -9 108*
Ref lect ions flagged with an asterisk were
c a lc H K L Fobs F c a lc H K L
383 4 24 -8 424 419 5 1 -8
68 4 24 -7 0* 71 5 1 -7
149 4 24 -6 255 236 5 1 -6
3 4 24 “ J 5 0 * 134 5 1 -5
209 4 24 -4 5 8 * 21 5 1 -4
69 4 24 -3 151 153 5 1 -3
150 4 24 -2 243 261 5 1 -2
12 4 24 -1 135 136 5 1 -1
27B 4 24 0 0 * 22 5 1 0
5 4 24 1 51* 128 5 1 1
16 4 24 2 234 233 CJ 1 2
28 4 24 3 0 * 57 J 1 3
44 4 24 4 421 417 J 1 4
9 4 24 5 0 * 68 5 1 5
27 4 24 6 134 141 5 1 6
14 4 24 7 31* 9 5 1 7
56 4 24 8 116 115 5 1 8
38 4 24 9 0* 34 5 1 9
92 4 26-■11 85* 96 5 1 10
111 4 26--10 0* \ 5 1 11
147 4 26 -9 144 116 5 1 12
346 4 26 -8 0* 10 5 1 13
147 4 26 -7 220 263 c 1 14
143 4 26 -6 0* 30 5 1 15
97 4 26 -5 241 265 5 3 -■20
216 4 26 -4 106* 60 5 3-•19
25 4 26 -3 223 223 5 3 -•18
435 4 26 -2 0 * 6 5 3--17
32 4 26 -1 218 218 5 3 - 16
220 4 26 0 60 * 59 5 3-■15
120 4 26 1 237 269 5 3 - 14
128 4 26 2 6 6 * 35 5 3--13
163 4 26 3 229 258 5 3 -■12
349 4 26 4 0 * 28 5 3--11
103 4 26 5 129 123 5 3 -■10
123 4 26 6 0* 4 5 3 -9
101 4 26 7 64 * 91 5 3 -B
30 4 28 -9 0* 15 5 3 -7
69 4 28 -8 8 1 * 96 5 3 -6
19 4 28 -7 0 * 14 5 3 “5
17 4 28 -6 9 9 * 101 5 3 -4
23 4 28 -5 0* 64 j 3 -3
94 4 28 -4 249 262 5 j -2
0 4 28 _3 0* 107 5 3 -1
101 4 28 -2 8 0 * 17 5 3 0
53 4 28 -1 48* 107 5 3 1
400 4 28 0 216 266 5 3 2
81 4 28 1 51 * 60 5 3 3
277 4 28 2 122 89 5 3 4
129 4 28 3 0* 17 5 3 5
182 4 28 4 40* 108 5 3 6
128 4 28 5 44* 1 j 3 7
144 4 30 -5 0 * 117 5 3 8
18 4 30 -4 0* 12 cJ 3 9
158 4 30 -3 5 2 * 105 cJ 3 10
148 4 30 -2 0 * 3 5 3 11
194 4 30 -1 8 4 * 117 5 3 12
134 4 30 0 59 * 7 5 3 13
274 4 30 1 76* 108 5 3 14
48 5 1-•20 41* 48 5 3 15
385 j 1 - 19 0 * 113 5 5 -■20
67 5 1-■18 236 261 5 5--19
93 5 1- 17 264 323 5 5-•18
44 5 1-■16 0 * 91 5 5--17
97 5 1- 15 16* 40 5 5-■16
18 5 1-■14 339 305 5 5"-15
21 5 1- 13 177 140 5 5-•14
114 5 1-•12 0 * 25 5 5--13
18 5 1- 11 99 102 5 5-•12
146 5 1-■10 12* 61 5 5--11
53 5 1 -9 584 624 5 5-■10
considered unobserved.
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Fobs Fcalc H K L Fobs Fcalc-- -- - -  - -- --
578 437 J 5 -9 489 544
401 536 5 5 -8 566 656
120 63 5 5 -7 371 399
157 245 5 5 -6 492 462
875 1039 5 5 -5 461 456
1227 1225 5 5 -4 410 344
1244 1281 5 5 -3 730 885
903 859 5 5 -2 710 853
143 138 5 5 -1 398 488
117 157 5 5 0 441 338
383 466 5 5 1 493 570
571 502 5 5 2 377 372
562 583 5 5 3 571 624
0* 65 5 5 4 487 533
119 66 5 5 5 140 116
0* 39 5 5 6 508 492
148 142 5 5 7 308 282
327 301 5 5 8 103 101
111 57 rJ 5 9 359 315
135 98 c 5 10 0* 24
280 313 5 5 11 8 6 * 64
269 278 5 5 12 0 * 23
110 117 5 5 13 42* 45
0* 41 5 5 14 185 180
61* 63 5 5 15 31* 86
87* 119 5 7-20 99 116
261 278 5 7-19 0* 25
34* 82 5 7-18 165 121
0 * 34 5 7-17 0* 12
313 318 5 7-16 64* 48
126 125 5 7-15 120 114
557 538 5 7-14 24* 59
242 232 ■ 5 7-13 70* 105
151 208 5 7-12 138 119
752 735 5 7-11 268 282
0* 117 5 7-1 0 250 269
673 564 5 7 -8 41* 170
531 590 5 7 -7 0 * 134
493 561 5 7 -6 260 255
78 80 5 7 -5 0 * 40
1170 1093 5 7 -4 606 588
1018 1013 5 7 -3 807 803
983 968 5 7 -2 787 758
1089 1030 5 7 -1 596 614
0* 60 5 7 0 0 * 33
522 594 5 7 1 257 298
542 535 5 7 2 50* 82
690 663 5 7 3 0 * 106
0* 73 5 7 4 148 186
752 721 5 7 5 250 293
160 213 j 7 6 277 233
257 238 5 7 7 131 112
562 555 r( 7 8 89* 92
183 139 5 7 9 0* 51
332 319 j 7 10 140 126
0* 17 5 7 11 47* 47
0* 95 5 7 12 50* 23
288 273 5 7 13 82* 120
97* 112 5 7 14 0 * 13
23* 71 5 7 15 61* 116
74* 97 5 9-19 67* 99
140 170 5 9-18 105* 12B
0* 26 5 9-17 331 295
0* 25 5 9-16 115 137
70* 59 5 9-15 0 * 116
74* 23 5 9-14 1B7 183
324 321 5 9-13 47* 64
0* 101 5 9-12 167 167
291 239 5 9-11 136 159
504 467 5 9-10 418 400
141 87 5 9 -9 443 402
B16
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' K L Fobs Fcalc H K L Fobs Fcalc H K L
9 -8 424 361 5 13 -4 438 514 5 17 4
9 -7 66* 94 J 13 -3 0* 87 5 17 5
9 -6 331 252 5 13 -2 39* 117 5 17 6
9 -5 448 393 5 13 -1 449 506 5 17 7
9 -4 254 258 5 13 0 592 580 5 17 8
9 -3 26* 35 5 13 1 389 424 5 17 9
9 -2 26* 131 5 13 2 601 617 5 17 10
9 -1 238 353 5 13 3 126 92 5 17 11
9 0 455 488 5 13 4 153 240 5 17 12
9 1 332 225 5 13 5 531 504 5 19-16
9 2 60* 82 5 13 6 313 338 5 19-15
9 3 435 329 5 13 7 319 323 5 19-14
9 4 457 410 5 13 8 8 * 50 5 19-13
9 5 405 407 5 13 9 0 * 31 5 19-12
9 6 155 118 5 13 10 87* 79 5 19-11
9 7 150 174 5 13 11 0* 107 5 19-10
9 8 49* 73 5 13 12 146 140 5 19 -9
9 9 193 209 rJ 13 13 120 79 5 19 -8
9 10 99* 126 5 15-18 0* 79 5 19 -7
9 11 140 147 5 15-17 121 127 5 19 -6
9 12 321 284 5 15-16 232 207 5 19 -5
9 13 59* 116 5 15-15 61* 44 5 19 -4
9 14 0* 98 5 15-14 97* 26 5 19 -3
11-19 96* 97 5 15-13 241 254 5 19 -2
11-18 170 177 5 15-12 364 367 5 19 -1
11-17 180 151 5 15-11 472 464 5 19 0
11-16 189 216 5 15-10 196 186 5 19 1
11-15 132 137 j 15 -9 261 220 5 19 2
11-14 108 88 5 15 -8 320 292 5 19 3
11-13 0* 105 5 15 -7 179 194 5 19 4
11-12 0* 67 5 15 -6 398 369 5 19 5
11-11 449 452 5 15 -5 220 235 5 19 6
11-10 353 346 5 15 -4 190 154 5 19 7
11 -9 230 240 5 15 -3 0* 121 5 19 8
11 -8 69* 45 5 15 -2 75* 56 5 19 9
11 -7 130 110 5 15 -1 157 132 5 19 10
11 -6 575 546 5 15 0 218 209 5 19 11
11 -5 583 506 5 15 1 392 368 5 21-15
11 -4 143 202 5 15 2 180 180 5 21-14
11 -3 273 195 5 15 3 313 290 5 21-13
11 -2 272 242 5 15 4 249 231 5 21-12
11 -1 126 209 5 15 5 163 195 5 21-11
11 0 598 504 5 15 6 467 457 5 21-10
11 1 574 479 5 15 7 368 372 5 21 -9
11 2 141 123 5 15 8 209 268 5 21 -8
11 3 46* 63 cJ 15 9 0* 41 5 21 -7
11 4 215 215 J 15 10 115 58 5 21 -6
11 5 365 365 5 15 11 210 202 5 21 -5
11 6 453 440 5 15 12 140 110 5 21 -4
11 7 40* 46 5 15 13 0* 92 5 21 -3
11 8 88* 108 5 17-17 143 133 5 21 -2
11 9 113 83 5 17-16 95* 82 5 21 -1
11 10 128 137 5 17-15 107* 96 5 21 0
11 11 229 221 5 17-14 0* 22 5 21 1
11 12 157 155 5 17-13 0* 128 5 21 2
11 13 175 175 5 17-12 304 307 5 21 3
11 14 0* 88 5 17-11 150 159 5 21 4
13-18 0* 93 5 17-10 0* 129 5 21 5
13-17 121 140 5 17 -9 161 150 5 21 6
13-16 143 105 5 17 -8 214 215 5 21 7
13-15 53* 85 5 17 -7 155 127 5 21 8
13-14 91* 24 5 17 -6 0* 48 5 21 9
13-13 0* 48 5 17 -5 343 339 5 21 10
13-12 309 335 5 17 -4 405 380 5 23-14
13-11 313 306 5 17 -3 134 140 5 23-13
13-10 527 478 5 17 -2 92* 148 5 23-12
13 -9 162 214 5 17 -1 411 388 5 23-11
13 -8 50* 105 5 17 0 348 301 5 23-10
13 -7 583 625 5 17 1 0* 42 5 23 -9
13 -6 402 428 5 17 2 144 121 5 23 -8
13 -5 610 585 j 17 3 225 223 5 23 -7
; f le c t i orts flaooed * i t h an a s te ris k were considered unobser
• '
Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc
140 124 5 23 -6 0 * 75 6 0 -2 3884 3929
82* 137 5 23 -5 0 * 69 6 0 0 229 346
153 173 5 23 -4 0 * 91 6 0 2 948 1020
295 312 5 23 -3 0 * 94 6 0 4 741 645
99* 112 5 23 -2 0 * 69 6 0 6 442 463
0* 36 5 23 -1 89* 104 6 0 8 404 419
0 * B9 5 23 0 26* 86 6 0 10 0* 36
17* 65 5 23 1 0 * 69 6 0 12 164 181
140 147 5 23 2 238 211 6 0 14 213 198
129 101 5 23 3 81* 67 6 2-20 90* 73
84* 9 5 23 4 237 231 6 2-19 254 277
0* 36 5 23 5 141 179 6 2-18 22* 92
0* 13 5 23 6 163 158 6 2-17 64* 20
56* 52 5 23 7 189 172 6 2-16 0 * 56
77* 60 5 23 8 0* 66 6 2-15 340 307
70* 87 5 23 9 0 * 59 6 2-14 194 123
215 217 5 25-12 38* 72 6 2-13 502 461
118 137 5 25-11 125 157 6 2-12 46* 120
0* 33 5 25-10 0 * 108 6 2-11 509 482
48* 116 5 25 -9 152 163 6 2-10 314 354
146 150 5 25 -8 218 211 6 2 -1 764 874
411 409 5 25 -7 29* 50 6 2 -8 11* 123
235 236 5 25 -6 169 177 6 2 -7 363 205
231 240 5 25 -5 224 221 6 2 -6 274 243
410 399 5 25 -4 182 173 6 2 -5 897 1002
172 161 5 25 -3 142 174 6 2 -4 1332 1381
76* 104 5 25 -2 0* 180 6 2 -3 1669 1757
0* 37 5 25 -1 161 165 6 2 -2 1319 1403
21* 123 5 25 0 202 216 6 2 -1 370 885
212 205 5 25 1 141 184 6 2 0 259 246
0* 51 5 25 2 0* 54 6 2 1 358 248
0* 32 5 25 3 197 218 6 2 2 27* 95
0* 60 5 25 4 109* 177 6 2 3 733 823
0* 11 5 25 5 142 115 6 2 4 305 256
99* 23 5 25 6 150 146 6 2 5 517 504
46* 17 5 25 7 0* 68 6 2 6 0* 119
0* 113 5 27-10 0* 98 6 2 7 526 481
109* 105 5 27 -9 0 * 144 6 2 8 202 141
0* 14 5 27 -8 95* 115 6 2 9 367 306
54* 91 5 27 -7 113* 40 6 2 10 0 * 71
0* 55 5 27 -6 0* 11 6 2 11 0* 19
0* 82 5 27 -5 266 279 6 2 12 0 * 106
148 174 5 27 -4 207 254 6 2 13 268 273
26* 14 5 27 -3 0 * 70 6 2 14 95* 88
163 177 5 27 -2 0* 68 6 4-20 150 159
57* 57 5 27 -1 229 251 6 4-19 0 * 79
0* 19 5 27 0 270 287 6 4-18 201 217
144 105 5 27 1 0* 11 6 4-17 172 171
12* 42 5 27 2 108* 41 6 4-16 128 145
246 242 5 27 3 103* 118 6 4-15 0* 102
224 239 5 27 4 0 * 136 6 4-14 448 440
9* 45 5 27 5 95* 95 6 4-13 92* 82
98* 95 5 29 -7 36* 35 6 4-12 195 191
0* 14 5 29 -6 22* 46 6 4-11 83* 41
1 IB 56 5 29 -5 0* 27 6 4-10 902 903
182 167 5 29 -4 0* 123 6 4 -8 524 593
54* 39 5 29 -3 0* 99 6 4 -7 51* 195
133 165 5 29 -2 B5* 109 6 4 -6 285 151
101* 105 5 29 -1 0* 140 6 4 -5 424 519
96* 53 5 29 0 0* 25 6 4 -4 362 291
51* 71 5 29 1 59* 46 6 4 -3 32* 60
0* 10 5 29 2 59* 41 6 4 -2 348 321
79* 109 6 0-20 181 195 6 4 -1 399 497
77* 58 6 0-18 183 185 6 4 0 273 158
0 * 61 6 0-16 0 * 37 6 4 1 0* 91
180 192 6 0-14 410 397 6 4 2 534 565
159 149 6 0-12 458 454 6 4 3 154 156
179 165 6 0-10 756 60B 6 4 4 894 907
194 221 6 0 -8 1019 1039 6 4 5 96 67
0 * 48 6 0 -6 242 456 6 4 6 205 211
210 221 6 0 -4 3855 3847 6 4 7 110 68
B17
Va lues of 10*Fobs and 10*Fcalc Page 8
H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc H K I Fobs Fcalc H i: L Fobs Fcalc
6 4 8 4A9 4A3 A 8 9 A2* 101 A 12 13 40* 4 A 18 -9 48* 39 A 22 8 0 * 12
6 4 9 70* 109 A 8 10 207 203 A 14--18 0 * 20 A IB -8 48* 130 6 22 9 150 148
6 4 10 57* 145 A 8 1! 15A 147 A 14--17 240 227 6 IB -7 195 214 A 24-■13 0 * 0
A 4 11 191 18A A 8 12 298 278 A 14--1A 0* 15 A 18 -6 91* 118 A 24--12 220 238
6 4 12 218 214 A 8 13 0 * 54 A 14--15 108* 27 A IB -5 644 AA1 A 24--11 0 * 39
6 4 13 58* 105 A 8 14 39* 73 A 14--14 0 * 34 A 18 -4 0 * 71 A 24--10 180 183
6 4 14 1A5 15A A 10-•19 166 149 A 14--13 2A4 2A9 A 18 -3 0 * 96 A 24 -9 130 8 !
6 A--20 0* 4A A 10--18 0* 5 A 14--12 41* 42 A 18 -2 0* 62 A 24 -8 200 183
6 A--19 15A 172 A 10--17 441 417 A 14--11 441 -435 A 18 -1 648 AA5 A 24 -7 O* 62
6 A--18 105 72 . A 10--1A 0* 34 A 14--10 224 277 A 18 0 27* 124 A 24 -6 0 * 20
b A--17 0* 3A A 10--15 252 23A A 14 -9 209 240 A 18 1 191 206 A 24 -5 0 * 12
b A--1A 0* 59 A 10--14 0* 27 A 14 -8 292 312 A 18 2 0* 130 6 24 -4 327 300
b 6--15 99 119 A 10--13 95* 95 A 14 -7 390 297 A 18 3 0* 24 A 24 -3 0 * 18
b 6--14 117 90 A 10--12 0* 9 A 14 -A 140 1A1 A IB 4 99* 93 A 24 -2 302 302
b A-■13 10* 22 A 10--11 557 499 A 14 -5 588 587 6 IB 5 0* 18 A 24 -1 0* 4
b A--12 147 180 A 10--10 90* 44 A 14 -4 0* 24 A 18 A 0* 13 A 24 0 0* 24
b 6-■11 31A 321 A 10 -9 395 417 A 14 -3 0 * 32 6 18 7 106* 127 6 24 1 0* 68
b 6--10 28! 395 A 10 -8 4A9 409 A 14 -2 0* 5A A 18 8 89* 23 6 24 2 193 189
b A -9 377 227 A 10 -7 0 * 47 A 14 -1 574 604 6 18 9 43* 62 6 24 3 82* 61
b A -8 0* 47 A 10 -A 758 A97 A 14 0 137 137 A 18 10 14* 32 6 24 4 181 196
b A -7 410 418 A 10 “ J 518 A39 A 14 1 371 33A A 18 11 12! 157 A 24 J 0 * 45
b A -A 124 78 A 10 -4 405 473 A 14 2 304 318 A 20-■16 187 153 A 24 A 204 239
b A -5 371 240 A 10 -3 457 539 A 14 3 198 194 A 20-■15 58* 1 A 24 7 0 * 1
b A -4 22b 33A A 10 -2 413 415 A 14 4 23A 286 A 20-■14 86* 82 6 26-•12 0* 17
b A -3 478 471 A 10 -1 508 585 A 14 5 43A 444 6 20- 13 73* 20 6 26-■11 73* 121
b A -2 210 270 A 10 0 789 734 A 14 A 8A* 57 A 20-■12 50* 56 A 26--10 0 * 56
b A -I 351 225 A 10 1 0* 45 A 14 7 257 272 6 20- 11 0* Al A 26 -9 182 1B4
b A 0 3A* 18 A 10 2 480 405 A 14 8 A l* 49 A 20-■10 80* 56 6 26 -8 0* 83
b A 1 434 453 A 10 3 409 453 A 14 9 A9* 35 A 20 -9 24* 17 6 26 -7 O* 49
b A 2 0* 3 A 10 4 121 A7 A 14 10 0 * 24 A 20 -8 0* 18 A 26 -6 0 * 62
b A 3 388 290 A 10 5 542 507 A 14 11 215 228 A 20 -7 156 176 A 26 -5 281 286
b A 4 275 383 A 10 A 0* 17 A 14 12 49* 9 6 20 -6 371 370 A 26 -4 0* 13
b A 5 299 283 A 10 7 0* 108 A 16-■18 11A 163 6 20 -5 109* 1A3 A 26 -3 306 306
b A A 132 1A0 A 10 8 0* 4A A 16-•17 93* 7 A 20 -4 368 368 A 26 -2 0* 19
b A 7 0* 20 A 10 9 217 220 A 16-•16 244 221 6 20 -3 0* 0 A 26 -1 276 280
b A 8 153 118 A 10 10 0* 3A A 16--15 0 * 5 A 20 -2 367 371 A 26 0 45* 71
b A 9 151 118 A 10 11 438 427 A 16-•14 104* 72 6 20 -1 145 158 A 26 1 0 * 56
b A 10 0* A2 A 10 12 0* 2 A 16-■13 A9* 68 A 20 0 372 355 A 26 2 58 * 64
b A 11 23* 22 A 10 13 151 153 A IA-■12 480 464 6 20 1 18A 1A9 A 26 3 175 179
b A 12 105* BA A 12--19 0* 2 A 16--11 127 120 6 20 2 0* 22 A 26 4 94* 54
b A 13 187 1A9 A 12-•18 197 179 A IA-■10 55* 23 A 20 3 116 23 A 26 5 91* 122
b A 14 0* 23 A 12--17 9A» 22 A 1A -9 15* 45 6 20 4 0* 47 6 26 A 0* 31
b 8-■20 94 A8 A 12-•16 22b 241 A 1A -8 199 204 A 20 5 0* 82 6 28 -9 0 * 50
b 8--19 0 * A3 A 12--15 0* 20 A 1A -7 119 B8 A 20 6 25* 46 A 28 -8 0* 55
b 8-■18 307 27A A 12-■14 77* 4A A 1A -A 532 510 6 20 7 0* 25 A 28 -7 0 * 58
b 8-•17 132 . 149 A 12--13 74* 88 A 1A -5 0 * 119 A 20 3 0* 68 A 28 -A 0 * 87
b 8-•16 187 199 A 12-■12 280 278 A I t -4 0* 59 A 20 9 57* 16 A 28 -5 0* 58
b 8--15 0* 102 A 12--11 120 107 A 1A -3 35* 22 A 20 10 1AB 160 6 28 -4 191 195
b 8-■14 0* A8 A 12-■10 A2A A18 A 1A -2 0 * 28 A 22- 15 74* 140 A 28 -3 20* 9
b B-•13 113 A3 A 12 -9 229 197 A 1A -1 39* 101 A 22-•14 11* 9 A 28 -2 193 183
b 8-•12 230 272 A 12 -8 38* 150 A 1A 0 507 496 A 22- 13 248 201 6 28 -1 0 * 58
b 8-■11 35* 105 A 12 -7 220 259 A 1A 1 134 83 A 22-■12 91* 20 A 28 0 0* 86
b 8-■10 30A 425 A 12 -A 801 '75 4 A 1A 2 194 201 A 22- 11 193 173 A 2B 1 0 * 55
b 8 -9 223 152 A 12 -5 13* 48 A 1A 3 0 * 10 6 22-•10 98* 68 A 28 2 106* 58
b 8 -8 442 500 A 12 -4 1029 935 A 1A 4 0 * 21 6 22 -9 202 191 A 28 3 0 * 54
b 8 -7 233 239 A 12 -3 41* 11 A 1A 5 73* 122 A 22 -8 64* 12 A 30 -4 17* 69
b 8 -A 233 139 A 12 -2 1034 913 A 1A A 450 463 A 22 -7 0 * 33 A 30 -3 183 207
b 8 -5 282 292 A 12 -1 0* 134 A 1A 7 0* 58 A 22 -6 143 154 A 30 -2 79* 63
b B -4 542 504 A 12 0 810 783 A 1A 8 10A* 78 6 22 -5 174 157 7 1-■21 94 138
b 8 -3 0* 31 A 12 1 202 241 A 1A 9 57* 4 A 22 -4 181 169 7 1--20 74 * 123
b 8 -2 53A 483 A 12 2 78* 149 A 1A 10 205 222 A 22 -3 236 246 7 1-•19 26* 85
b 8 -1 2A4 297 A 12 3 243 208 A 1A 11 0 * 34 A 22 -2 185 197 7 1--18 0* 107
b 8 0 20A 88 A 12 4 A23 A24 A 1A 12 121 170 A 22 -1 194 1A8 7 1-■17 320 316
b 8 1 22b 2A7 A 12 5 114 112 A 18-■17 178 157 A 22 0 172 149 7 1--16 242 311
b 8 2 4A4 45A A 12 A 273 278 A 1B- 16 0 * 2 A 22 1 0* 34 7 1-■15 362 338
b 8 3 225 251 A 12 7 94* 94 A 18-■15 0 * 70 A 22 2 0* 3 7 1--14 0 * 37
b 8 4 295 3A9 A 12 8 0* 59 A 18- 14 0 * 36 6 22 3 246 200 7 1-•13 48* 15
b 8 5 A7* 141 A 12 9 0 * 23 A 18-■13 121 131 A 22 4 0* 56 7 1--12 1AA 181
b 8 A 242 287 A 12 10 233 243 A 1B- 12 0 * 1 A 22 5 200 175 7 1--11 416 426
b 8 7 74* A7 A 12 1! 52* 13 A 18-■11 89* 19 6 22 A 35* 32 7 1--10 282 264
b 8 8 104 82 A 12 12 184 180 A 18- 10 0 * 92 6 22 7 202 198 -r/ 1 -9 791 715
Ref lect ions flagged with an aster isk were considered unobserved.
B18
Values of 10*Fobs and 10*Fcalc Page 9
H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc
- -  - -- ........ - -  - -- -- - -  - -- -- -  -  - -- -- -  -  -
7 1 -8 516 444 5 -9 180 67 7 9 -7 278 185 7 13 -3 250 256 7 17 7 130 112
7 1 -7 491 563 5 -8 41* 67 7 9 -6 289 289 7 13 -2 731 676 7 17 8 0 * 23
7 1 -6 70* 173 5 -7 521 571 7 9 -5 329 249 7 13 -1 612 562 7 17 9 13B 97
7 1 -5 196 80 5 -6 270 258 7 9 -4 671 714 7 13 0 0* 52 7 17 10 124 107
7 1 -4 2218 2240 5 -5 367 172 7 9 -3 669 706 7 13 1 165 140 7 17 11 0 * 94
7 1 -3 2260 2238 5 -4 366 424 7 9 -2 299 241 7 13 2 302 326 7 19-17 70* 75
7 1 -2 204 198 5 -3 349 358 7 9 -1 266 297 7 13 3 501 514 7 19-16 0 * 13
7 1 -1 88 143 5 -2 351 207 7 9 0 268 188 7 13 4 530 499 7 19-15 71* 25
7 1 0 460 557 5 -1 262 208 7 9 1 661 607 7 13 5 38* 110 7 19-14 44* 32
7 1 1 492 519 5 0 490 528 7 9 2 157 128 7 13 6 236 265 7 19-13 0 * 91
7 1 2 755 696 5 1 0 * 24 7 9 3 59* 103 7 13 7 0* 22 7 19-12 0* 53
7 1 3 257 309 5 2 182 63 7 9 4 165 199 7 13 8 0* 52 7 19-11 95 * 91
7 1 4 408 420 5 3 228 256 7 9 5 266 277 7 13 9 0* 74 7 19-10 167 126
7 1 5 187 124 5 4 528 519 7 9 6 322 365 7 13 10 1B1 148 7 19 -9 155 127
7 1 6 103 22 5 5 287 273 7 9 7 0* 24 7 13 11 72* 113 7 19 -8 139 135
7 1 7 75* 72 5 6 148 153 7 9 8 0* 15 7 13 12 0* 89 7 19 -7 135 179
7 1 8 386 337 5 7 192 201 7 9 9 217 197 7 15-18 152 112 7 19 -6 330 317
7 1 9 256 319 5 8 365 357 7 9 10 239 228 7 15-17 161 171 7 19 -5 438 422
7 1 10 331 312 5 9 248 240 7 9 1! 273 296 7 15-16 76* 91 7 19 -4 177 158
7 1 11 0* 112 5 10 250 229 7 9 12 47* 104 7 15-15 0* 23 7 19 -3 196 137
7 1 12 64* 80 5 11 132 133 7 9 13 68* 81 7 15-14 156 184 7 19 -2 429 445
7 1 13 125 134 5 12 208 203 7 1-20 102 75 7 15-13 315 283 7 19 -1 346 322
7 1 14 128 150 5 13 89* 132 7 1-19 123 113 7 15-12 447 475 7 19 0 195 188
7 3-21 80* 59 5 14 26* 14 7 1-18 182 183 7 15-11 179 208 7 19 1 92* 117
7 3-20 106 132 7-20 44* 19 7 1-17 253 265 7 15-10 54* 134 7 19 2 174 120
7 3-19 229 265 7-19 173 184 7 1-16 178 170 7 15 -9 245 252 7 19 3 145 123
7 3-18 121 125 7-18 62* 68 7 1-15 44* 70 7 15 -8 0* 79 7 19 4 0* 74
7 3-17 105 103 7-17 62* 92 7 1-14 149 133 7 15 -7 356 417 7 19 5 48* 69
7 3-16 227 245 7-16 74* 140 7 1-13 0* 80 7 15 -6 387 376 7 19 6 0 * 86
7 3-15 274 234 7-15 0* 93 7 1-12 302 303 7 15 -5 0* 120 7 19 7 0 * 31
7 3-14 402 392 7-14 217 208 7 1-11 195 189 7 15 -4 95* 87 7 19 8 0 * 25
7 3-13 132 102 7-13 228 231 7 1-10 520 540 7 15 -3 0* 129 7 19 9 89 * 29
7 3-12 0* 108 7-12 250 233 7 1 -9 371 392 7 15 -2 0 * 59 7 19 10 0 * 73
7 3-11 702 653 7-11 0* 56 7 1 -8 180 192 7 15 -1 379 351 7 21-16 0 * 102
7 3-10 856 823 7-10 191 169 7 1 -7 0* 41 7 15 0 345 379 7 21-15 0* 57
7 3 -9 138 182 7 -9 106 210 7 1 -6 174 168 7 15 1 0* 47 7 21-14 39* 59
7 3 -8 0* 164 7 -8 490 487 7 1 -5 733 739 7 15 2 229 256 7 21-13 72* 60
7 3 -7 361 368 7 -7 775 825 7 1 -4 262 316 7 15 3 0 * 117 7 21-12 0 * 101
7 3 -6 278 266 7 -6 149 259 7 1 -3 272 316 7 15 4 190 203 7 21-11 101* 102
7 3 -5 601 749 7 -5 454 248 7 1 -2 736 766 7 15 5 432 467 7 21-10 212 203
7 3 -4 275 401 7 -4 303 199 7 1 -1 207 222 7 15 6 292 280 7 21 -9 268 272
7 3 -3 258 304 7 -3 292 162 7 1 0 IB * 80 7 15 7 181 169 7 21 -8 133 157
7 3 -2 578 745 7 -2 429 344 7 1 1 170 183 7 15 8 0 * 38 7 21 -7 211 215
7 3 -1 252 254 7 -1 141 196 7 1 2 36B 371 7 15 9 0 * 91 7 21 -6 275 233
7 3 0 350 387 7 0 785 788 7 1 3 534 554 7 15 10 157 170 7 21 -5 235 233
7 3 1 38* 66 7 1 510 504 7 1 4 191 180 7 15 11 94* 131 7 21 -4 134 98
7 3 2 141 151 7 2 140 230 7 1 5 308 294 7 17-18 52* 106 7 21 -3 108* 99
7 3 3 854 794 7 3 174 211 7 1 6 122 67 7 17-17 50* 87 7 21 -2 265 239
7 3 4 684 685 7 4 44* 72 7 1 7 108 123 7 17-16 155 91 7 21 -1 260 250
7 3 5 72* 68 7 5 249 212 7 1 8 124 59 7 17-15 0 * 18 7 21 0 216 223
7 3 6 31* 84 7 6 219 236 7 1 9 148 166 7 17-14 0* 98 7 21 1 144 169
7 3 7 396 412 7 7 219 218 7 1 10 255 273 7 17-13 275 293 7 21 2 284 278
7 3 8 296 260 7 8 71* 117 7 1 11 165 190 7 17-12 315 260 7 21 3 222 180
7 3 9 272 240 7 9 0 * 141 7 1 12 140 124 7 17-13 200 160 7 21 4 0 * 105
7 3 10 0 * 91 7 10 51* 87 7 1 13 56* 79 7 17-10 116 130 7 21 5 41* 86
7 3 11 152 116 7 11 81* 82 7 3-19 91* 84 7 17 -9 85* 72 7 21 6 72 * 57
7 3 12 269 270 7 12 191 1B4 7 3-18 0* 116 7 17 -8 168 166 7 21 7 20* 75
7 3 13 157 136 7 13 0* 35 7 3-17 129 141 7 17 -7 224 200 7 21 8 43* 56
7 3 14 89* 66 9-20 39* 73 7 3-16 116 75 7 17 -6 359 344 7 21 9 118 102
7 5-21 21* 14 9-19 38* 87 7 3-15 0* 68 7 17 -5 266 271 7 23-14 66* 73
7 5-20 136 141 9-18 294 277 7 3-14 15* 37 7 17 -4 30* 36 7 23-13 124* 158
7 5-19 203 188 9-17 211 217 7 3-13 276 260 7 17 -3 0 * 54 7 23-12 0* 93
7 5-18 99* 133 9-16 210 205 7 3-12 128 126 7 17 -2 277 293 7 23-11 132 115
7 5-17 242 228 9-15 0* 14 7 3-11 509 493 7 17 -1 367 352 7 23-10 296 300
7 5-16 248 233 9-14 0* 31 7 3-10 511 490 7 17 0 240 228 7 23 -9 210 240
7 5-15 378 372 9-13 333 361 7 3 -9 300 288 7 17 1 186 196 7 23 -8 96* 160
7 5-14 210 206 9-12 272 294 7 3 -a 159 123 7 17 2 17* 58 7 23 -7 132 115
7 5-13 125 136 9-11 190 183 7 3 -7 0 * 56 7 17 3 56* 112 7 23 -6 109* 90
7 5-12 304 230 7 9-10 113 121 7 3 -6 613 584 7 17 4 187 166 7 23 -5 123* 133
7 5-11 528 501 7 9 -9 129 143 7 3 -5 714 683 7 17 5 292 T? ? 7 23 -4 147 158
7 5-10 212 300 7 9 -9 656 623 7 3 -4 273 196 7 17 6 293 302 7 23 -3 183 186
R e fle c tio n s  flagged w ith an a s te r is l were considered unobserved.
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H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc
7 23 -2 120* 122 8 2-21 43* 105 8 6-■20 39* 13 8 10--17 189 233 8 14-•11 473 470
7 23 -1 52* 91 8 2-20 85* 76 8 6--19 49* 103 8 10--16 85* 70 a 14-■10 174 n o
7 23 0 136 119 8 2-•19 264 267 8 6-■18 0* 42 8 10--15 182 138 8 14 -9 559 533
7 23 1 151 167 8 2- IB 121 169 8 6--17 0* 84 8 10--14 0* 64 8 14 -8 294 296
7 23 2 201 236 8 2-■17 264 273 8 6--16 83* 69 8 10-•13 301 302 8 14 -7 445 399
7 23 3 291 292 8 2--16 246 251 8 6--15 348 321 8 10--12 152 128 8 14 -6 20* 35
7 23 4 102* 102 8 2-•15 368 393 8 6-•14 135 118 8 10-•11 214 252 8 14 -5 218 234
7 23 5 0* 91 8 2--14 0* 45 8 6--13 393 450 8 10--10 96 111 8 14 -4 0* 6
7 23 6 165 185 8 2-■13 173 145 8 6-■12 233 243 8 10 -9 27* 176 8 14 -3 223 228
7 23 7 104* 70 8 2--12 0* 17 8 6--11 217 207 8 10 -8 35* 50 8 14 -2 0 * 39
7 25--13 144 82 8 2--11 696 718 8 6--10 0* 96 8 10 -7 165 222 8 14 -1 43? 377
7 25--12 0* 102 a 2--10 175 166 8 6 -9 12* 25 8 10 -6 0 * 146 8 14 0 290 2B4
7 25-■11 121* 60 8 2 -9 232 127 8 6 -8 215 178 8 10 - 5 231 171 8 14 1 577 547
7 25--10 141 127 8 2 -8 224 370 8 6 -7 722 708 8 10 -4 54* 18 8 14 2 141 123
7 25 -9 271 294 8 2 -7 254 269 8 6 -5 717 597 8 10 -3 213 156 8 14 3 483 448
7 25 -8 139 158 a 2 -6 280 380 8 6 -4 82 2 8 10 -2 0* 103 8 14 4 0 * 93
7 25 -7 124 107 8 2 -5 1340 1232 8 6 -3 681 586 8 10 -1 160 178 8 14 5 532 544
7 25 -6 96* 37 8 2 -4 0* 54 8 6 -2 128 284 8 10 0 0* 83 9 14 6 48* 56
7 25 "J 99* 152 8 2 -3 1370 1312 8 6 -1 682 734 8 10 1 60* 181 8 14 7 0 * 48
7 25 -4 259 261 8 2 -2 286 286 8 6 0 213 196 8 10 2 137 140 a 14 8 79* 51
7 25 -3 241 255 8 2 -1 234 331 8 6 1 0 * 82 8 10 3 195 224 8 14 9 179 154
7 25 -2 168 150 8 2 0 218 343 8 6 2 0* 91 8 10 4 126 142 8 14 10 0 * 29
7 25 -1 55* 34 8 2 1 207 142 8 6 3 243 262 8 10 5 307 308 8 14 11 107* 104
7 25 0 121* 116 8 2 2 186 17B 8 6 4 240 235 8 10 6 0* B1 8 16-■18 233 197
7 25 1 136 162 8 2 3 668 657 8 6 5 377 424 8 10 7 151 142 8 16-■17 0* 11
7 25 2 276 281 8 2 4 0* 17 8 6 6 131 114. 8 10 8 0* 65 8 16-■16 19* 48
7 25 3 120* 118 8 2 5 159 161 8 6 7 320 330 8 10 9 217 236 8 16-■15 41 * 11
7 25 4 74* 68 8 2 6 61* 9 8 6 8 109 68 8 10 10 0* 73 8 16-■14 324 318
7 25 5 18* 107 8 2 7 391 403 8 6 9 102* 80 8 10 11 303 285 8 16-■13 0 * 56
7 25 6 45* 83 8 2 8 264 253 8 6 10 51* 40 8 10 12 46* 21 8 16-■12 409 427
7 27-■11 99* 94 8 2 9 286 278 '8 6 11 111* 96 8 12-•20 94* 118 816-•10 416 411
7 27-•10 0 * 52 8 2 10 147 162 8 6 12 54* 21 8 12--19 89* 6 8 16 -9 97 * 120
7 27 -9 0* 73 8 2 11 244 276 8 6 13 64* 76 8 12-■IB 20B 208 8 16 -8 174 205
7 27 -8 140 152 8 2 12 0* 95 8 B-21 0 * 36 8 12-■17 52* 58 8 16 -7 80* 79
7 27 -7 0* 102 8 2 13 0* 107 8 8-■20 0* 132 8 12- 16 0 * 58 8 16 -6 176 183
7 27 -6 114* 127 8 4--21 0 * 27 8 B--19 0* 42 a 12-■15 0 * 59 8 16 -5 0* 2
7 27 -5 101* 119 8 4-■20 180 199 8 8-■18 198 191 8 12- 14 158 185 8 16 -4 184 175
7 27 -4 171 189 8 4--19 79* 29 8 8--17 0* 28 8 12--13 106 69 8 16 ■3 0* 14
7 27 -3 147 183 8 4--18 53* 18 8 8-■16 0 * 18 8 12-•12 383 350 8 16 -2 208 200
7 27 -2 0* 109 8 4--17 0* J 8 8--15 99* 70 8 12--11 96* 106 8 16 -1 102* 61
7 27 -1 90* 127 8 4-•16 429 445 8 8-•14 306 307 8 12-•10 536 500 8 16 0 174 IBS
7 27 0 149 103 8 4-■15 129 170 8 8--13 31* 0 8 12 -9 0 * 23 8 16 1 164 123
7 27 1 75* 150 8 4-•14 360 31B 8 8-•12 245 244 8 12 -8 346 358 8 16 2 404 422
7 27 2 0* 66 8 4--13 98 33 8 8--11 111 127 8 12 -7 191 207 8 16 3 189 200
7 27 3 37* 47 8 4-■12 716 672 8 B-•10 75* 26 8 12 -6 743 721 8 16 4 415 407
7 27 4 97* B2 8 4--11 132 208 8 8 -9 193 268 8 12 -5 266 217 8 16 5 0 * 57
7 29 -7 152 111 8 4-■10 77* 51 8 8 -8 310 248 8 12 -4 270 241 8 16 6 326 317
7 29 -6 113* 54 8 4 -9 387 288 8 8 -7 242 87 8 12 -3 256 211 8 16 7 0* 41
7 29 -5 76* 93 8 4 -8 644 677 8 8 -6 231 346 8 12 -2 761 765 8 16 8 0* 64
7 29 -4 106* 85 8 4 -7 101 105 8 8 ■5 0 * 18 8 12 -1 153 208 8 16 9 0 * 2?
7 29 -3 80* 80 8 4 -6 168 219 8 8 -4 725 842 8 12 0 358 374 8 16 10 166 192
7 29 -2 95* 88 8 4 -5 210 169 8 8 •3 44* 37 8 12 1 0* 19 8 18--18 0 * 8
7 29 -1 54* 61 8 4 -4 1219 1299 8 8 .0L. 227 313 8 12 2 552 505 8 18-■17 154 95
7 29 0 95* 106 8 4 -3 190 168 a 8 -1 218 184 8 12 3 150 142 8 18--16 0 * 15
8 0- 20 173 173 8 4 -2 132 168 8 8 0 311 298 8 12 4 381 363 8 18--15 15* 30
8 0-■18 300 312 8 4 -1 88 196 8 8 1 172 257 8 12 5 121 59 8 18--14 46* 3
8 0-■16 302 291 8 4 0 619 662 8 8 2 111 43 8 12 6 167 202 8 18-•13 0 * 83
8 0--14 0* 46 8 4 1 400 352 8 8 3 121 132 8 12 7 29* 69 8 18--12 0* 39
8 0-•12 534 490 8 4 2 73* 24 8 8 4 253 243 8 12 6 0* 54 8 1B-■11 290 302
8 0-■10 203 250 8 4 3 113 180 8 8 5 0* 1 8 12 9 0* 69 8 18--10 17* 89
8 0 -8 774 742 8 4 4 703 663 8 8 6 297 310 8 12 10 195 208 8 18 -9 138 155
8 0 -6 490 476 8 4 5 127 70 8 8 7 36* 82 8 12 11 0* 14 8 IB -8 54* 6
8 0 -4 3094 2978 8 4 6 358 324 8 8 8 0 * 17 8 12 12 134 119 8 18 -7 86* 113
8 0 -2 475 486 8 4 7 183 180 8 8 9 0* 29 a 14--19 104* 112 8 18 -6 16* 30
8 0 0 754 821 8 4 8 436 446 8 8 10 194 197 8 14-■18 0 * 19 8 IB -5 402 397
8 0 2 204 190 8 4 9 0* 1 8 8 11 0* 48 8 14--17 156 148 8 18 -4 0 * 5
8 0 4 524 503 8 4 10 0* 16 8 8 12 114* 134 8 14-•16 0 * 29 B IB -3 406 388
8 0 6 118 65 8 4 1! 0* 25 8 B 13 0* 39 8 14--15 0 * 47 8 IB -2 103* 32
8 0 8 304 291 8 4 12 218 195 8 10-■20 0 * 26 8 14-■14 37* 54 8 19 -1 140 112
S 0 10 307 311 g 4 13 0* 29 8 10-•19 25? 271 8 14-■13 527 536 8 18 0 6 8 * 27
8 0 12 178 181 8 6-■21 107 76 8 10-■18 0 * 57 8 14-■12 49* 92 8 IB 1 113* 163
Ref 1ections f j jaaed with an aste r isk were considered unobserved.
B20
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H K L Fobs Fcalc H K L Fobs Fcalc H K I
8 IB 2 65* 79 8 24 -2 0* 59 9 1 13
8 18 3 274 314 8 24 -1 145 140 9 3--22
8 18 4 0* 1 8 24 0 156 191 9 3-21
8 IB 5 111* 88 8 24 1 94* 78 9 3- 20
8 IB 6 50* 13 8 24 2 345 351 9 3 -19
8 18 7 0* 32 8 24 3 0 * 33 9 3- 18
8 18 8 32* 10 8 24 4 140 158 9 3 -17
8 18 9 121 90 8 24 5 121 24 9 3- 16
8 18 10 0 * 7 8 24 6 159 173 9 3 -15
8 20- 17 0* 2 8 26- 12 0* 10 9 3- 14
8 20- 16 0* 70 8 26 -11 116* 150 9 3 -13
8 20- 15 92* 19 8 26--10 0* 18 9 3--12
8 20--14 120* 18 8 26 -9 219 227 9 3 -11
8 20- 13 0* 20 8 26 -8 37* 24 9 7 10
8 20--12 0* 17 8 26 -7 227 222 9 3 -9
8 20- 11 176 181 8 26 -6 0 * 27 9 3 -8
8 20- 10 386 412 a 26 -5 261 247 9 3 -7
8 20 -9 216 197 8 26 -4 51* 4 9 3 -6
3 20 -8 92* 138 3 26 -3 197 233 9 3 “ J
8 20 -7 107* 88 8 26 -2 0 * 24 9 3 -4
8 20 -6 291 285 8 26 -1 222 224 9 3 -3
B 20 -5 53* 73 8 26 0 0* 30 9 3 -2
8 20 -4 254 202 8 26 1 203 224 9 3 -1
8 20 -3 0* 57 8 26 2 0* 23 9 3 0
8 20 -2 308 289 8 26 3 26* 145 9 3 1
8 20 -1 72* 112 8 26 4 0* 4 9 3 2
8 20 0 122 134 8 28 -9 67* 19 9 3 3
8 20 1 228 199 8 28 -8 89* 134 9 3 4
8 20 2 385 396 8 28 -7 0 * 45 9 3 5
8 20 3 158 141 8 28 -6 177 165 9 3 6
8 20 4 0* 16 8 28 -5 104* 66 9 3 7
8 20 5 0* 40 8 28 -4 55* 122 9 3 8
8 20 6 0* 18 8 28 -3 0* 68 9 3 9
8 20 7 0* 3 8 2B -2 179 167 9 3 10
B 20 8 40* 58 8 28 -1 49* 57 9 3 11
8 20 9 57* 18 8 28 0 134 128 9 3 12
8 22- 15 0* 60 8 28 1 39* 26 9 3 13
8 22- 14 0* 18 9 1- 22 22* 42 9 5- 21
8 22- 13 187 186 9 1--21 65* 80 9 5- 20
8 22- 12 68* 37 9 1- 20 204 217 9 5- 19
8 22- 11 212 195 9 1- 19 170 166 9 5- 18
8 22- 10 49* 103 9 l - IB 118 86 9 5- 17
8 22 -9 333 328 9 1- 17 73* 67 9 5- 16
8 22 -8 113* 146 9 1- 16 348 317 9 5- 15
8 22 -7 63* 172 9 1- 15 257 254 9 5- 14
8 22 -6 122 69 9 1- 14 210 186 9 5- 13
8 22 ~5 0* 96 9 1- 13 338 356 9 5- 12
8 22 -4 128 12 9 1- 12 524 564 9 5- 11
8 22 -3 90* 108 9 1- 11 0* 48 9 5- 10
8 22 -2 0* 54 9 1- 10 0* 95 9 5 -9
8 22 -1 176 182 9 1 -9 237 102 9 5 -8
8 22 0 119* 153 9 1 -8 565 550 9 5 -7
8 22 1 330 340 9 1 -6 766 919 9 5 -6
8 22 2 112* 86 9 1 -5 1407 1465 9 5 -5
8 22 3 176 186 9 1 -4 1418 1385 9 5 -4
8 22 4 51* 13 9 1 -3 790 796 9 5 -3
8 22 5 209 205 9 1 -2 374 259 9 5 -2
8 22 6 37* 9 9 1 -1 574 520 9 5 -1
8 22 7 0* 54 9 1 0 227 179 9 5 0
8 24- 14 153 164 9 1 1 0* 20 9 5 1
8 24- 13 0* 3 9 1 2 22* 47 9 5 2
8 24- 12 161 148 9 1 3 518 590 9 5 3
8 24- 11 0* 13 9 1 4 326 365 9 5 4
8 24- 10 354 344 9 1 5 195 192 9 5 5
8 24 -9 11* 73 9 1 6 276 278 9 5 6
8 24 -8 177 180 9 7 359 310 9 5 7
8 24 -7 131 141 9 1 3 0* 53 9 5 a
8 24 -6 0* 67 9 1 9 138 95 9 5 9
8 24 -5 90* 151 9 1 10 193 175 9 5 10
8 24 -4 246 246 0 1 11 256 229 9 5 11
8 24 -3 150 134 9 ! 12 50* 82 9 5 12
Ref lections flaooed with an asterisF were considered unobserved
Fobs Fcalc H K L Fobs 1Fcalc H K L Fobs Fcalc
39* 31 9 7--21 96* 77 9 11--17 0* 51
54* 78 9 7-■20 0* 99 9 11-■16 211 233
88* 132 9 7--19 50* 22 9 11-■15 173 213
158 168 9 7-•18 200 186 9 11-•14 0 * 13
0 * 133 9 7--17 113 48 9 11--13 400 402
22* 26 9 7-■16 0* 59 9 11-•12 388 415
150 187 9 7--15 49* 55 9 11--11 308 312
228 215 9 7-•14 32* 64 9 11-■10 0 * 34
136 199 9 7--13 138 135 9 11 -9 13* 50
228 248 9 7-•12 73* 133 9 11 -8 358 327
408 426 9 7--11 254 248 9 11 -7 284 275
512 430 9 7-■10 205 200 9 11 -6 923 929
599 529 9 7 -9 45* 20 9 11 -5 329 312
173 183 9 7 -8 587 566 9 11 -4 349 385
117 33 9 7 -7 71* 77 9 11 ~3 904 948
691 949 9 7 -6 847 926 9 11 -2 286 273
516 397 9 7 -J 442 360 9 11 -1 374 336
256 288 9 7 -4 439 376 9 11 0 0* 66
274 324 9 7 -3 822 889 9 11 1 90* 15
283 322 9 7 -2 82* 99 9 11 2 342 29S
252 379 9 7 -1 546 600 9 11 3 420 406
493 289 9 7 0 0* 26 9 11 4 397 417
663 822 9 7 1 182 188 9 11 5 94* 13
142 64 9 7 2 266 295 9 11 6 205 227
189 201 9 7 3 0* 103 9 11 7 248 236
595 541 9 7 4 147 167 9 11 8 0* 55
514 444 9 7 5 0* 77 9 11 9 147 125
402 428 9 7 6 65* 51 9 11 10 200 197
211 275 9 7 7 0* 51 9 11 11 86* 126
140 206 9 7 8 0* 51 9 13-■20 0 * 89
206 227 9 7 9 217 185 9 13-■19 52* 75
133 191 9 7 10 55* 10 9 13-•IB 7B* 101
0* 26 9 7 11 156 91 9 13--17 0* 45
0 * 146 9 7 12 42* 66 9 13-■16 0* 47
191 169 9 9--21 23* 84 9 13-■15 63* 107
136 112 9 9-■20 111 114 9 13-■14 356 388
80* 82 9 9--19 212 199 9 13--13 133 129
110 105 9 9-■18 165 152 9 13-■12 454 429
104* 83 9 9--17 259 260 9 13--11 355 336
94* 90 9 9-■16 155 148 9 13-•10 118 114
0* 19 9 9--15 86* 36 9 13 -9 232 212
0* 54 9 9- 14 193 213 9 13 -8 170 189
171 156 9 9--13 228 241 9 13 -7 297 340
0* 25 9 9- 12 346 336 9 13 -6 360 392
165 108 9 9--11 0* 15 9 13 -5 462 494
249 225 9 9-■10 0* 18 9 13 -4 482 493
495 584 9 9 -9 99 127 9 13 -3 372 371
0* 40 9 9 -8 0* 201 9 13 -2 315 330
149 253 9 9 -7 862 812 9 13 -1 193 165
368 257 9 9 -6 211 210 9 13 0 236 213
0* 194 9 9 -5 592 540 9 13 1 125 123
536 461 9 9 -4 595 568 9 13 2 338 337
500 550 9 9 -3 195 212 9 13 3 461 446
196 128 9 9 -2 823 853 9 13 4 80* 143
207 132 9 9 -1 0* 143 9 13 5 360 382
479 592 9 9 0 13* 53 9 13 6 130 121
505 332 9 9 1 0* 18 9 13 7 0* 43
30* 205 9 9 2 0* 41 9 13 8 86* 42
358 358 9 9 3 351 340 9 13 9 0* 99
168 194 9 9 4 225 226 9 13 10 106* 65
0* 76 9 9 5 172 196 9 13 11 0* 72
494 544 9 9 6 0 * 34 9 15--19 0* 115
243 233 9 9 7 182 154 9 15--18 143 135
133 125 9 9 8 268 255 9 15--17 0 * 55
0* 14 9 9 9 191 149 9 15'-16 61* 39
170 149 9 9 10 221 194 9 15--15 0 * 104
62* 68 9 9 11 120 118 9 15 -14 331 293
0* 21 9 9 12 46* B0 9 IS ­-13 429 430
(i i 86 9 11--20 115 129 9 IS -12 0* 15
122 55 9 11-■19 190 195 9 15--11 179 123
148 106 9 11--18 0 * 136 9 15--10 506 526
B21
Values of 10*Fobs and 10«Fcalc Page 12
H K L Fobs Fcalc H K L Fobs Fcalc H K L
9 15 -9 145 133 9 19 6 0* 93 9 27 -7
9 15 -a 0 * 53 9 19 7 0 * 29 9 27 -6
9 15 -7 0* 134 9 19 8 0* 8 9 27 -5
9 15 -6 97* 95 9 21 -16 123 101 9 27 -4
9 15 -5 171 136 9 21--15 0* 42 9 27 -3
9 15 -4 170 117 9 21--14 0* 62 9 27 -2
9 15 -3 114 93 9 21--13 170 136 9 27 -1
9 15 -2 123 150 9 21--12 0 * 25 9 27 0
9 15 -1 53* 56 9 21--11 0* 106 9 27 1
9 15 0 157 150 9 21--10 305 319 9 27 2
9 15 1 520 521 9 21 -9 0* 82 9 29 -7
9 15 2 186 155 9 21 -8 98* 72 9 29 -6
9 15 3 61* 15 9 21 -7 0* 59 9 29 -5
9 15 4 439 450 9 21 -6 111* 143 9 29 -4
9 15 5 319 298 9 21 -5 273 284 9 29 -3
9 15 6 0* 121 9 21 -4 253 297 9 29 -2
9 15 7 0* 35 9 21 -3 84* 127 10 0--22
9 15 3 130 60 9 21 _2 0 * 58 10 0--20
9 15 9 122 134 9 2 ! -! 65* 66 10 0--18
9 15 10 54* 91 9 21 o 45* 93 10 0--16
9 17-■18 91* 118 9 21 1 279 296 10 0--14
9 17-■17 76* 80 9 21 2 106* 119 10 o--12
9 17-•16 0* 10 9 21 3 0* 11 10 0--10
9 17-■15 211 168 9 21 4 189 144 10 0 -8
9 17-•14 182 193 9 21 5 88* 75 10 0 -6
9 17-•13 0* 24 9 21 6 105* 13 10 0 -4
9 17- 12 0 * 40 9 21 7 152 91 10 0 -2
9 17-•11 118 136 9 23--15 102* 87 10 0 0
9 17-■10 361 345 9 23--14 197 169 10 O 2
9 17 -9 220 222 9 23--13 151 128 10 0 4
9 17 -B 101* 55 9 23- 12 125* 131 10 0 6
9 17 -7 114 91 9 23--11 0* 172 10 0 8
9 17 -6 221 213 9 23-•10 152 165 10 0 10
9 17 -5 “o. 77 9 23 -9 208 197 10 0 12
9 17 -4 110 106 9 23 -8 0* 12 10 2-•22
9 17 -3 228 199 9 23 -7 0* 84 10 2-•21
9 17 -2 118 87 9 23 -6 86* 17 10 2-■20
9 17 -1 45* 62 9 23 -j 272 258 10 2--19
9 17 0 187 223 9 23 -4 219 238 10 2-•18
9 17 1 367 ■ 351 9 23 -3 0* 13 10 2--17
9 17 2 127 119 9 23 -2 41* 79 10 2-■16
9 17 3 51* 13 9 23 -1 70* 12 10 2--15
9 17 4 0* 29 9 23 0 200 203 10 2-■14
9 17 5 211 210 9 23 1 27* 176 10 2--13
9 17 6 1B3 150 9 23 2 204 170 10 2-•12
9 17 7 61* 10 9 23 3 138 142 10 2--11
9 17 8 0 * 80 9 23 4 166 149 10 2-•10
9 17 9 64* 91 9 23 j 134 156 10 2 -9
9 19- 17 0* 29 9 23 6 0* 100 10 2 -8
9 19-•16 0 * 37 9 25--13 0* 68 10 2 -7
9 19- 15 49* 92 9 25- 12 0* 115 10 2 -6
9 19-■14 0* 58 9 25--11 158 156 10 2 -5
9 19- 13 167 164 9 25- 10 191 172 10 2 -4
9 19- 12 0 * 21 9 25 -9 0 * 82 10 2 -3
9 19- 11 307 284 9 25 -8 87* 79 10 2 -2
9 19-•10 159 169 9 25 -7 144 142 10 2 -i
9 19 -9 0* 63 9 25 -6 234 220 10 2 0
9 19 -B 24* 66 9 25 -5 112* 116 10 2 1
9 19 -7 99* 135 9 25 -4 120* 127 10 2 2
9 19 -6 310 299 9 25 -3 243 223 10 2 3
9 19 -5 265 296 9 25 -2 106* 138 10 2 4
9 19 -4 292 312 9 25 -1 0 * 68 10 2 5
9 19 -3 309 293 9 25 0 0* 73 10 2 6
9 19 -2 161 150 9 25 1 162 184 10 2 7
9 19 -1 0* 72 9 25 2 137 168 10 2 8
9 19 0 24* 79 9 25 3 135 112 10 2 9
9 19 1 163 179 9 25 4 25* 69 10 2 10
9 19 2 276 258 9 27- 11 37* 121 10 2 11
9 19 3 0* 38 o 27- 10 40* 82 10 2 12
9 19 4 139 174 9 27 -9 0* 37 10 4-■22
9 19 C 49* 41 9 27 -8 63* 76 10 4- 21
Re fl ect io ns riagged with an asterisk were co ns idered unobserved
Fobs Fcalc H K L Fobs 1Fcalc H K L Fobs Fcalc
201 198 10 4--20 200 212 10 8--18 274 265
145 138 10 4--19 0* 40 10 B--17 200 200
0* 120 10 4--IB 129 136 10 8--16 166 123
92* 112 10 4 -17 193 194 10 8--15 0 * 34
157 138 10 4--16 369 344 10 8-•14 367 387
172 202 10 4--15 27* 32 10 8--13 0* 12
89* 63 10 4 -14 279 290 10 8--12 108 182
0* 39 10 4--13 113 102 10 8--11 0* 14
63* 83 10 4--12 753 745 10 8-•10 169 157
0* 118 10 4--11 0* 19 10 8 -9 202 189
0* 31 10 4--10 149 184 10 8 -8 135 119
0* 108 10 4 -9 374 218 10 8 -7 0* 79
0* 79 10 4 -8 550 362 10 8 -6 409 512
0* 94 10 4 -7 367 437 10 8 -5 0* 29
42* 117 10 4 -6 490 470 10 8 -4 400 487
18* 23 10 4 “J 0* 6 10 8 -3 39* 97
136 106 10 4 -4 503 511 10 8 -2 129 98
276 283 10 4 -3 364 427 10 8 -1 205 177
274 262 10 4 -2 528 477 10 8 0 174 212
160 137 10 4 -1 360 188 10 8 1 0* 40
52* 52 10 4 0 157 200 10 8 2 146 189
482 432 10 4 1. 43* 47 10 6 3 0* 4
1713 1637 10 4 2 789 765 10 8 4 393 389
618 709 10 4 3 0* 122 10 8 5 0* 26
795 591 10 4 4 294 27 B 10 B 6 111 123
805 758 10 4 5 0* 53 10 8 7 146 195
631 717 10 4 6 378 337 10 8 8 264 269
1717 1604 10 4 7 209 193 10 8 9 0* 30
486 426 10 4 8 113* 145 10 8 10 203 157
0* 60 10 4 9 109* 57 10 8 11 0* 11
152 128 10 4 10 209 223 10 10-■21 69* n o
299 264 10 4 11 0* 68 10 10-•20 0* 15
297 289 10 4 12 114 128 10 10-■19 339 349
121 122 10 6--22 35* 11 10 10--18 0* 15
91 28 to 6-■21 139 148 10 10- 17 344 323
226 241 10 6--20 0 * 7 10 10--16 158 158
0* 9 10 6-•19 29* 15 10 10-■15 0 * 63
101* 156 10 6--18 101* 84 10 10--14 0 * 25
56* 120 10 6-■17 117 132 10 10-■13 570 547
260 283 10 6--16 8 * 21 10 10--12 109 108
0* 93 10 6-■15 160 145 10 10-■11 200 217
122 142 10 6--14 0* 27 10 10--10 32* 24
0* 44 10 6- 13 399 408 10 10 -9 0 * 51
503 521 10 6--12 163 155 10 10 -8 144 103
185 159 10 6- 11 145 123 10 10 -7 445 364
743 725 10 6--10 102 68 10 10 -6 249 233
396 426 10 6 -9 383 441 10 10 975 841
976 968 10 6 -8 301 304 10 10 -4 239 249
131 209 10 6 -7 729 711 10 10 -3 437 382
481 311 10 6 -6 655 541 10 10 -2 142 133
229 349 10 6 -5 374 287 10 10 -1 0 * 24
579 635 10 6 -4 628 480 10 10 0 32* 1
227 300 10 6 -3 710 756 10 10 1 227 229
484 426 10 6 -2 296 271 10 10 2 0 * 80
129 72 10 6 -1 341 318 10 10 3 582 545
979 989 10 6 0 47* 35 10 10 4 0* 27
393 466 10 6 1 151 132 10 10 5 61* 73
727 736 10 6 2 190 172 10 10 6 45* 150
181 142 10 6 3 407 427 10 10 7 341 335
491 521 10 6 4 0* 3 10 10 8 52* 20
42* 67 10 6 5 135 146 10 10 9 324 353
144 137 10 6 6 20* 32 10 10 10 0* 24
0* 95 10 6 7 117 136 10 10 11 156 117
262 275 10 6 8 62* 79 10 12-•20 186 178
94* 107 10 6 9 54* 15 10 12-■19 0 * 25
162 169 10 6 10 40* 16 10 12--18 224 193
0* 13 10 6 11 139 144 10 12-•17 *30 * 58
264 249 10 6 12 0* 3 10 12--16 179 195
0* 41 10 8-■21 0* 24 10 12-■15 0* 66
0* 136 10 8-■20 154 156 10 12--14 0* 19
75* 48 10 9-■19 0* 13 10 12-■13 128 87
B22
v d iu e ^  u i  i v * r y u b  dim l v w r t e m .
H i; L Fobs Fcalc H K L Fobs Fcalc H K L
10 12 -12 727 747 10 16 -2 219 188 10 22 -9
10 12--11 0* 72 10 16 -1 124 118 10 22 -8
10 12 -10 65* 66 10 16 0 305 301 10 22 -7
10 12 -9 212 206 10 16 1 41* 110 10 22 -6
10 12 -8 419 469 10 16 2 176 159 10 22 -5
10 12 -7 111 154 10 16 3 102* 17 10 22 -4
10 12 -6 701 719 10 16 4 568 578 10 22 -3
10 12 -5 0* 56 10 16 5 0* 13 10 22 -2
10 12 -4 684 724 10 16 6 145 130 10 22 -I
10 12 -3 0* 191 10 16 7 0* 6 10 22 0
10 12 -2 425 452 10 16 8 189 15! 10 22 1
10 12 -1 237 191 10 16 9 0* 35 10 22 2
10 12 0 76* 6 ! 10 18 -18 89* 2 10 22 3
10 12 1 0* 112 10 IB -17 0 * 19 10 22 4
10 12 2 748 757 10 18 -16 0* 33 10 22 5
10 12 3 100* 113 10 IS ­ 15 332 298 10 22 6
10 12 4 48* 21 10 IS -14 34* 29 10 24 -14
10 12 5 61* 66 10 18- 13 14* 27 10 24- 13
10 12 6 147 193 10 18 -12 78* 32 10 24 -12
10 12 7 126 63 10 IS ­ 11 0 * 47 10 24- 11
10 12 e 208 193 10 IS -10 40* 96 10 24 -10
10 12 9 0* 31 10 18 -9 111* 154 10 24 -9
10 12 10 170 173 10 18 -8 39* 88 10 24 -8
10 14- 20 0* 6 10 18 -7 434 410 10 24 -7
10 14- 19 155 154 10 18 -6 146 153 10 24 -6
10 14- 18 0* 39 10 18 -5 3j j 341 10 24 -5
10 14- 17 61* 80 10 18 -4 144 149 10 24 -4
10 14- 16 0* 24 10 IB -3 444 416 10 24 -3
10 14- 15 318 319 10 IB -2 64* 84 10 24 -2
10 14- 14 104* 90 10 IB -1 197 146 10 24 -1
10 14--13 274 265 10 18 0 0* 125 10 24 0
10 14- 12 176 174 10 IB 1 0 * 43 10 24 1
10 14- 11 388 401 10 18 2 0* 49 10 24 2
10 14- 10 128 163 10 18 3 0* 18 10 24 3
10 14 -9 243 241 10 18 4 0* 30 10 24 4
10 14 -8 0 * 37 10 18 J 327 298 10 26- 12
10 14 -7 497 518 10 IB 6 0* 26 10 26- 11
10 14 -6 103 111 10 18 7 0 * 16 10 26- 10
10 14 -5 313 384 10 18 8 0* 27 10 26 -9
10 14 -4 0* 129 10 20- 17 51* 15 10 26 -8
10 14 -3 506 494 10 20- 16 147 122 10 26 -7
10 14 -2 0 * 44 10 20- 15 54* 39 10 26 -6
10 14 - I 223 245 10 20- 14 105* 53 10 26 -5
10 14 0 190 182 10 20- 13 0 * 36 10 26 -4
10 14 1 394 393 10 20- 12 0 * 82 10 26 -3
10 14 2 212 187 10 20- 11 0* 27 10 26 -2
10 14 3 264 268 10 20- 10 54* 22 10 26 -1
10 14 4 131 94 10 20 -9 0 * 15 10 26 0
10 14 5 321 316 10 20 -8 64* 125 10 26 1
10 14 6 0 * IT 10 20 -7 0 * 15 10 26 2
10 14 7 0* 78 10 20 -6 360 370 10 28 -9
10 14 8 0* 51 10 20 -5 0 * 5 10 28 -8
10 14 9 164 152 10 20 -4 394 382 10 28 -7
10 14 10 28* 28 10 20 -3 85* 45 10 28 -6
10 16- 19 86* 3 10 20 -2 166 130 10 28 -5
10 16- 18 130 143 10 20 -1 0 * 25 10 28 -4
10 16- 17 64* 9 10 20 0 45* 22 10 28 -3
10 16- 16 118* 128 10 20 1 0* 6 10 28 -2
10 16- 15 0* 24 10 20 2 41* 78 10 28 -1
10 16- 14 591 568 10 20 3 0* 65 11 1- 22
10 16- 13 0* 1 10 20 4 24* 57 11 1- 21
10 16- 12 179 173 10 20 5 0* 54 11 1- 20
10 16- 11 67* 98 10 20 6 105* 112 11 1- 19
10 16- 10 293 285 10 20 7 0 * 8 11 1- 18
10 16 -9 139 108 10 22- 16 0 * 9 11 1- 17
10 16 -8 179 190 10 22- 15 176 140 11 1- 16
10 16 -7 35* 12 10 22- 14 0* 2 11 1- 15
10 16 -6 253 300 10 22- 13 173 150 11 1- 14
10 16 0 * 6 10 22- 12 0* 24 11 1- 13
10 16 -4 257 296 10 22- 11 304 2B2 11 1- 12
10 16 -3 66* 45 10 ??- 10 87* 46 11 1- 11
rage
Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc
0* 30 11 1-10 477 477 11 5 -7 0* 121
0* 4 11 1 -9 522 432 11 5 -6 297 243
0* 17 11 1 -8 0* 146 11 5 -5 298 282
109* 23 11 1 -7 458 399 11 5 - 4 75* 118
376 344 11 1 -6 1240 1351 11 5 -3 821 851
0 * 50 11 1 -5 1239 1289 11 5 -2 123 227
83* 16 11 1 -4 458 394 11 5 -1 390 407
0* 21 11 1 -3 0* 23 11 5 0 374 403
0* 43 11 1 -2 525 427 11 5 1 235 253
43* 25 11 1 -1 489 475 11 5 2 380 326
283 278 11 1 0 554 594 11 5 3 224 218
20* 36 11 1 1 408 367 11 5 4 146 160
175 141 11 1 2 254 253 11 5 5 308 325
26* 9 11 1 3 0* 65 11 5 6 292 31!
177 138 11 1 4 48* 32 11 5 7 56* 61
0 * nL 11 1 5 0* 64 1 1 5  8 160 157
103* 146 11 1 6 0 * 87 11 5 9 73* 90
29* 1 11 1 7 190 196 11 5 10 106* 145
204 216 1! 1 8 113* 141 11 5 11 47* 80
0* 26 11 1 9 178 141 i i 0 * 57
276 260 11 1 10 135 •42 1! 7 -2 ! 127 125
0 * 11 11 1 11 170 127 11 7-20 49* 39
88* 35 11 3-22 126 134 11 7-19 0* 36
0 * 23 11 3-21 176 159 11 7-16 81* 33
275 257 11 3-20 0* 80 11 7-17 133 117
0* 15 11 3-19 0* 25 11 7-16 215 224
253 262 11 3-18 165 150 11 7-15 227 248
0* 27 11 3-17 340 356 11 7-14 262 257
108* 36 11 3-16 280 283 11 7-13 204 189
0* 15 11 3-15 136 143 11 7-12 0* 48
271 264 11 3-14 288 296 11 7-11 0 * 46
106* 34 11 3-13 345 351 11 7-10 282 256
247 219 11 3-12 605 536 11 7 -9 255 277
22* 10 11 3-11 166 186 11 7 -8 191 156
153 144 11 3-10 131 152 11 7 -7 836 773
0* 22 11 3 -9 580 502 11 7 -6 387 393
220 196 11 3 -8 380 340 11 7 -5 382 423
113* 31 11 3 -7 86* 18 11 7 -4 817 720
0* 91 11 3 -6 389 221 11 7 -3 175 214
0 * 3 11 3 - 5 402 265 11 7 -2 263 293
272 235 11 3 -4 102 27 11 7 -1 266 292
42* 14 11 3 -3 388 429 11 7 0 0 * 53
266 283 11 3 -2 581 456 11 7 1 0* 51
0* 15 11 3 -1 120 119 11 7 2 1B9 184
238 230 11 3 0 164 181 11 7 3 276 255
0* 3 11 3 1 605 613 11 7 4 218 215
83* 91 11 3 2 368 372 11 7 5 251 243
0 * 29 11 3 3 298 316 11 7 6 144 134
167 193 11 3 4 105 148 11 7 7 0* 40
0* 13 11 3 5 286 270 11 7 8 0* 46
0* 24 11 3 6 376 371 11 7 9 0* 45
101* 125 11 3 7 177 139 11 7 10 0 * 125
28* 24 11 3 8 0 * 3j 11 7 11 0* 77
177 15B 11 3 9 0 * 79 11 9-21 48* 67
65* 2 11 3 10 189 173 11 9 -2 0 232 201
0* 163 11 3 11 129 133 11 9-19 160 181
0* 29 11 5-22 107 B7 11 9-18 176 166
103* 119 11 5-21 133 130 11 9-17 28* 64
38* 27 11 5-20 75* 87 11 9-16 105* 141
105 118 11 5-19 121 144 11 9-15 365 345
108 148 11 5-18 0 * 79 11 9-14 316 327
130 128 11 5-17 263 303 11 9-1 3 75* 90
129 141 11 5-16 305 310 11 9-12 0 * 55
144 179 11 5-15 143 170 11 9-11 14* 38
121 100 11 5-14 231 190 11 9-10 0* 103
47* 72 11 5-13 370 360 11 9 -9 0 * 88
139 52 11 5-12 216 260 11 9 -8 24* 100
0 * 94 11 5-11 388 396 1! 9 -7 0 * 129
230 298 11 5-10 421 328 11 9 - 6 638 588
399 372 11 5 -9 173 211 11 9 - 5 647 564
576 568 11 5 -B 830 841 11 9 -4 20* 3 -
Ref lections flagged with an aster isk were considered unobserved.
B23
Values ot 10*Fobs and 10*Fcalc Page 14
K L Fobs Fcalc H . K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc
-  - -- -- - -  - -- -- - -  - -- -- - -  - -- -- -
9 -3 0 t 147 11 13 5 112* 174 11 19-10 32* 25 11 25 -5 204 185 12 4-22 152 201
9 -2 90* 47 11 13 6 0 * 84 11 19 -9 131 163 11 25 -4 155 169 12 4-21 0* 35
9 -1 70* 63 11 13 7 164 129 11 19 -8 318 330 11 25 -3 43* 80 12 4-20 0* 48
9 0 30* 22 11 13 8 145 142 11 19 -7 254 231 11 25 -2 0* 92 12 4-19 0* 8
9 1 72* 49 11 13 9 0 * 98 11 19 -6 0* 120 11 25 -1 65* 141 12 4-18 305 295
9 2 0 * 102 11 15-20 81* 129 11 19 -5 89* 122 11 25 0 225 207 12 4-17 78* 13
9 3 310 324 11 15-19 180 134 11 19 -4 255 253 11 25 1 179 132 12 4-16 171 195
9 4 364 341 11 15-18 48* 83 11 19 -3 336 330 11 25 2 95* 123 12 4-15 0* 7
9 5 60* 140 11 15-17 103* 100 11 19 -2 199 179 11 25 3 10* 94 12 4-14 421 456
9 6 0* 62 11 15-16 0* 22 11 19 - I 0 * 38 11 27-11 99* 73 12 4-13 0* 14
9 7 189 170 11 15-15 361 317 11 19 0 0* 81 11 27-10 0* 75 12 4-12 299 293
9 8 171 186 11 15-14 585 602 11 19 1 141 158 11 27 -9 118* 122 12 4-11 0* 125
9 9 231 216 11 15-13 0 * 37 11 19 2 113* 76 11 27 -8 158 148 12 4-10 131 148
9 10 0* 105 11 15-12 88* 117 11 19 3 63* 31 11 27 -7 95* 104 12 4 -9 137 168
11-21 139 126 11 15-11 271 291 11 19 4 0* 17 11 27 -6 199 172 12 4 -8 321 370
11-20 142 182 11 15-10 174 200 11 19 5 0* 57 11 27 -5 173 171 12 4 -7 169 194
11-19 199 205 11 15 -9 330 346 11 19 6 50* 19 11 27 -4 0* 98 12 4 -6 1112 1194
11-13 128 93 11 15 -8 183 186 11 19 7 0* 32 11 27 -3 149 137 12 4 -5 178 149
11-17 18! 153 11 15 -7 244 283 11 21-17 94* 32 11 27 -2 0 * 123 12 4 -4 331 354
11-16 51* 96 11 15 -6 0 * 16 11 21-16 0* 26 11 27 -1 0 * 71 12 4 -3 13* 125
11-15 145 169 11 15 -5 0 * 30 11 21-15 0* 30 11 27 0 58* 67 12 4 -2 129 156
11-14 344 293 11 15 -4 234 288 11 21-14 61* 128 12 0-22 126 139 12 4 -1 0* 96
11-13 297 331 11 15 -3 174 181 11 21-13 0* 29 12 0-20 235 233 12 4 0 CO 297
11-12 166 179 11 15 -2 337 316 11 21-12 102* 113 12 0- 1B 295 337 12 4 1 0* 8
11-11 203 193 11 15 -1 192 190 11 21-11 231 178 12 0-16 153 195 12 4 2 426 430
11-10 0 * 51 11 15 0 276 302 11 21-10 61* 48 12 0-14 0* 46 12 4 3 52* 14
11 -9 143 129 11 15 1 48* 109 11 21 -9 0 * 21 12 0-12 669 646 12 4 4 205 214
11 -8 168 207 11 15 2 0 * 33 11 21 -8 0* 109 12 0-10 0* 139 12 4 5 0* 23
11 -7 416 375 11 15 3 603 616 11 21 -7 69* 127 12 0 -8 1210 1280 12 4 6 294 316
11 -6 241 329 11 15 4 341 311 11 21 -6 0* 80 12 0 -6 1381 1183 12 4 7 0* 12
11 -5 222 294 11 15 5 0 * 39 11 21 -5 118* 73 12 0 -4 1220 1386 12 4 8 0* 48
11 -4 402 395 11 15 6 116* 136 11 21 -4 78* 132 12 0 -2 38* 104 12 4 9 0* 19
11 -3 126 217 11 15 7 93* 86 11 21 -3 106* 124 12 0 0 659 614 12 4 10 190 189
11 -2 164 147 11 15 B 159 142 11 21 -2 0* 41 12 0 2 98* 33 12 6-22 0* 4
11 -1 49* 16 11 15 9 86* 139 11 21 -1 0* 74 12 0 4 0* 193 12 6-21 159 159
11 0 177 195 11 17-19 88* 120 11 21 0 21B 194 12 0 6 331 326 12 6-20 100* 12
11 1 197 200 11 17-18 11* 61 11 21 1 44* 107 12 0 8 261 229 12 6-19 48* 67
11 2 336 319 11 17-17 0* 21 11 21 2 68* 33 12 0 10 186 159 12 6-18 65* 38
11 3 356 330 11 17-16 161 116 11 21 3 0* 115 12 2-22 66* 53 12 6-17 207 237
11 4 152 159 11 17-15 228 203 11 21 4 0* 34 12 2-21 167 203 12 6-16 0* 44
I V  5 39* 90 11 17-14 169 191 11 21 5 70* 30 12 2-20 0* 19 12 6-15 0* 72
11 6 144 147 11 17-13 266 253 11 21 6 88* 85 12 2-19 256 234 12 6-14 63* 40
11 7 63* 102 11 17-12 49* 49 11 23-15 187 188 12 2-18 0* 38 12 6-13 144 128
11 8 228 207 11 17-11 0* 15 11 23-14 91* 101 12 2-17 429 380 12 6-12 0* 51
11 9 196 195 11 17-10 220 210 11 23-13 36* 107 12 2-16 26* 30 12 6-11 396 416
11 10 0* 133 11 17 -9 258 271 11 23-12 146 188 12 2-15 168 144 12 6-10 0* 105
13-20 0 * 102 11 17 -8 265 245 11 23-11 219 186 12 2-14 93* 131 12 6 -9 0* 55
13-19 115* 134 11 17 -7 133 139 11 23-10 29* 148 12 2-13 457 451 12 6 -8 128 64
13-18 118* 121 11 17 -6 172 169 11 23 -9 39* 37 12 2-12 186 159 12 6 -7 395 481
13-17 0* 72 11 17 -5 137 160 11 23 -8 0* 41 12 2-11 225 156 12 6 -6 0* 10
13-16 151 170 11 17 -4 114 133 11 23 -7 94* 75 12 2-10 23* 31 12 6 -5 403 492
13-15 228 229 11 17 -3 261 252 11 23 -6 104* 101 12 2 -9 0 * 30 12 6 -4 0 * 94
13-14 0* 49 11 17 -2 244 255 11 23 -5 0* 131 12 2 -8 0 * 27 12 6 -3 43* 129
13-13 453 470 11 17 -1 174 226 11 23 -4 134 66 12 2 -7 1218 1129 12 6 -2 0* 58
13-12 453 467 11 17 0 70* 35 11 23 -3 0* 46 12 2 -6 0 * 106 12 6 -1 387 385
13-11 124 129 11 17 1 0* 35 11 23 -2 0* 50 12 2 -5 123B 1064 12 6 0 0* 1
13-10 245 261 11 17 2 267 259 11 23 -1 40* 157 12 2 -4 0 * 72 12 6 1 191 174
13 -9 238 231 11 17 3 179 186 11 23 0 204 186 12 2 -3 55* 66 12 6 2 0* 79
13 -8 594 581 11 17 4 0 * 198 11 23 1 207 205 12 2 -2 10* 74 12 6 3 17* 59
13 -7 329 324 ' 11 17 5 65* 138 11 23 2 45* 112 12 2 -1 221 229 12 6 4 84* 28
13 -6 145 138 11 17 6 0* 23 11 23 3 72* 95 12 2 0 177 144 12 6 5 208 243
13 -5 147 153 11 17 7 63* 80 11 23 4 182 202 12 2 1 462 453 12 6 6 0* 42
13 -4 354 340 11 17 8 83* 134 11 25-14 53* B5 12 2 2 87* 100 12 6 7 34* 68
13 -3 603 573 11 19-18 51* 15 11 25-13 0* 107 12 2 3 162 149 12 6 8 0 * 23
13 -2 221 226 11 19-17 0 * 22 11 25-12 159 139 12 2 4 0 * 43 12 6 9 155 142
13 -1 237 255 11 19-16 60* 60 11 25-11 202 207 12 2 5 404 391 12 6 10 68* 8
13 0 159 124 11 19-15 45* 22 11 25-10 0* 130 12 2 6 0 * 51 12 8-22 63* 110
13 1 464 451 11 19-14 0* 50 11 25 -9 0 * 95 12 2 7 237 232 12 8-21 27* 25
13 2 469 471 11 19-13 41* 90 11 25 -8 0 * 89 12 2 8 68* 20 12 8-20 154 169
13 a 0 * 66 11 19-12 161 149 11 25 -7 172 174 12 2 9 226 213 12 6-19 102* 29
13 4 227 236 11 19-11 0 * 68 11 25 -6 196 196 12 2 10 0 * 51 12 8-18 113 115
Reflections flagaed with an asterisk were considered unobserved.
B24
Values of 10*Fobs sod 10*Fcalc Page 15
H K L Fobs Fcalc H K L Fobs Fcalc H K L
12 8-17 0* B6 12 12 -9 31* 34 12 16 3
12 8--16 338 349 12 12 -8 740 710 12 16 4
12 8-15 95* 44 12 12 -7 0* 112 12 16 5
12 8 -14 0* 72 12 12 -6 462 384 12 16 6
12 8-13 41* 109 12 12 -5 0* 89 12 16 7
12 8--12 0* 62 12 12 -4 735 716 12 16 8
12 B--11 0* 12 12 12 -3 0* 36 12 18--19
12 8--10 483 424 12 12 -2 27* 174 12 18--18
12 8 -9 152 100 12 12 -] 0* 8 12 18--17
12 B -8 165 138 12 12 0 152 155 12 18--16
12 8 -7 130 169 12 12 1 78* 41 12 18--15
12 B -6 713 595 12 12 2 615 594 12 18-■14
12 a -5 133 197 12 12 3 0* 0 12 18--13
12 8 -4 121 87 12 12 4 342 330 12 18--12
12 8 -3 109 149 12 12 5 44* 7 12 1B--11
12 0 -2 46? 404 12 12 6 0* 41 12 18--10
12 8 -1 0* 21 12 12 7 0* 12 12 18 -9
12 8 0 0* 30 12 12 8 129 150 12 18 -8
12 8 1 0* 84 12 12 9 49* 23 12 18 -7
12 B 2 36* 66 12 14-■20 0* 6 12 18 -6
12 B 3 65* 41 12 14--19 139 124 12 18 -5
12 8 4 361 347 12 14-•18 0* 12 12 18 -4
12 8 5 0* 68 12 14--17 0* 78 12 IB -3
12 8 6 38* 105 12 14-■16 0* 26 12 18 -2
12 8 7 46* 32 12 14--15 633 598 12 18 -1
12 B 8 163 168 12 14-•14 0* 45 12 10 0
12 8 9 79* 19 12 14--13 390 389 12 18 I
12 B 10 132 122 12 14-■12 0* 38 12 18 2
12 10-21 214 204 12 14--11 193 1B3 12 18 3
12 10-•20 0* 14 12 14- 10 54* 23 12 18 4
12 10-■19 187 164 12 14 -9 340 332 12 18 5
12 10-■18 50* 43 12 14 -8 0* 76 12 18 6
12 10--17 241 250 12 14 -7 216 230 12 18 7
12 10-•16 0* 63 12 14 -6 72* 1 12 20- IB
12 10--15 440 481 12 14 -5 187 199 12 20--17
12 10-■14 114 61 12 14 -4 62* 37 12 20- 16
12 10--13 64* 98 12 14 -3 364 352 12 20-■15
12 10-■12 40* 60 12 14 -2 21* 21 12 20- 14
12 10--11 86* 62 12 14 -1 29* 165 12 20-•13
12 10-•10 21* 60 12 14 0 0* 42 12 20- 12
12 10 -9 338 381 12 14 1 410 388 12 20-•11
12 10 -8 51* 22 12 14 2 17* 43 12 20- 10
12 10 -7 474 523 12 14 3 622 608 12 20 -9
12 10 -6 19* 21 12 14 4 0* 13 12 20 -8
12 10 -5 471 585 12 14 5 0* 69 12 20 -7
12 10 -4 20* 6 12 14 6 26* 25 12 20 -6
12 10 -3 323 364 12 14 7 49* 130 12 20 -5
12 10 -2 0* 39 12 14 8 0* 8 12 20 -4
12 10 -1 0* 83 12 16-•20 179 174 12 20 -3
12 10 0 99* 36 12 16- 19 0* 3 12 20 -2
12 10 1 106* 83 12 16-•18 86* 77 12 20 -1
12 10 2 0* 57 12 16- 17 0* 9 12 20 0
12 10 3 476 505 12 16-■16 0* 120 12 20 1
12 10 4 95* 64 12 16- 15 0* 6 12 20 2
12 10 5 221 238 12 16-•14 494 514 12 20 3
12 10 6 74* 35 12 16- 13 61* 22 12 20 4
12 10 7 159 162 12 16-■12 127 116 12 20 5
12 10 8 0* 7 12 16- 11 0* 61 12 20 6
12 10 9 218 226 12 16- 10 216 228 12 22- 16
12 12- 21 92* 19 12 16 -9 0* 44 12 22- 15
12 12-■20 0* 144 12 16 -8 152 141 12 22- 14
12 12- 19 0* 6 12 16 -7 102* 57 12 22- 13
12 12- 18 0* 33 12 16 -6 0* 45 12 22-•12
12 12- 17 81* 0 12 16 -5 0* 57 12 22- I t
12 12- 16 326 324 12 16 -4 164 138 12 22- 10
12 12- 15 0* 21 12 16 -3 0* 37 12 22 -9
12 12- 14 596 565 12 16 -2 230 218 12 22 -8
12 12- 13 0* 55 12 16 - f 0* 42 12 22 -7
12 12- 12 157 157 12 16 0 143 124 12 22 -6
12 12- 11 0* 26 12 16 i 79* 2 12 22 -5
12 12- 10 0* 141 12 16 2 503 510 12 22 -4
Reflections flaooed with an asterisk were considered unobserved
Fobs Fcalc H K L Fobs Fcalc N K L Fobs Fcalc
0* 2 12 22 -3 0* 51 13 1 1 215 190
148 125 12 22 -2 104* 2 13 1 2 57* 57
0* 16 12 22 - I 237 243 13 1 3 101* 22
129 89 12 22 0 0* 28 13 1 4 176 155
0* 3 12 22 1 171 171 13 1 5 186 207
139 173 12 22 2 0* 6 13 1 6 225 226
118 96 12 22 3 234 238 13 1 7 114* 156
0* 15 12 22 4 130 53 13 1 8 217 206
0* 23 12 24--15 0* 14 13 1 9 185 161
29* 20 12 24--14 0* 115 13 1 10 119 124
76* 17 12 24--13 11* 15 13 3--23 101 95
0* 27 12 24--12 283 255 13 3-■22 169 188
373 372 12 24--11 0* 9 13 3--21 46* 44
111* 45 12 24--10 37* 157 13 3-■20 0* 78
0* 24 12 24 -9 0* 17 13 3--19 175 132
56* 35 12 24 -8 129* 117 13 3-•18 256 274
331 342 12 24 -7 42* 1 13 3-■17 263 227
19* 70 12 24 -6 0* 122 13 3-•16 0* 65
184 159 12 24 -5 116* 11 13 3-■15 151 130
55* 14 12 24 -4 163 119 13 j - •14 368 339
187 194 12 24 -3 63* 7 13 3--13 342 375
0* 63 12 24 -2 112* 163 13 3-■12 242 241
323 349 12 24 -1 52* 1 13 3--11 120 99
94* 32 12 24 0 258 259 13 3-•10 564 535
0* 19 12 24 1 0* 25 13 3 -9 90* 156
87* 41 12 24 2 0* 132 13 3 -8 234 255
361 379 12 24 3 0* 34 13 3 -7 576 520
0* 45 12 26-•12 0* 24 13 3 -6 568 528
10B* 17 12 26--11 129 149 13 3 -5 238 256
83* 10 12 26-•10 63* 13 13 3 -4 44* 77
0* 22 12 26 -9 192 223 13 3 -3 556 520
. 0* 17 12 26 -8 0* 5 13 3 -2 92* 44
24* 99 12 26 -7 188 182 13 3 -1 244 217
0* 54 12 26 -6 0* 0 13 3 0 361 365
101* 7 12 26 -5 158 171 13 3 1 376 367
52* 28 12 26 -4 0* 2 13 3 2 162 148
0* 12 12 26 -3 235 222 13 3 3 0* 91
133 123 12 26 -2 0* 17 13 3 4 265 228
0* 4 12 26 -1 70* 152 13 3 5 266 272
307 294 12 26 0 0* 18 13 3 6 181 129
0* 25 12 28 -9 55* 22 13 3 7 86* 61
0* 44 12 28 -8 66* 122 13 3 8 0* 64
64* 46 12 28 -7 0* 9 13 3 9 215 191
342 332 12 28 -6 73* 137 13 3 10 0* 90
122 76 12 28 -5 97* 15 13 5-•22 54* 110
164 149 12 28 -4 88* 114 13 5-■21 115 75
70* 71 12 28 -3 108* 30 13 5-■20 0* 113
314 338 13 1-■23 82* 106 13 5- 19 101* 119
0* 47 13 1--22 90* 142 13 5-■18 203 233
0* 59 13 1- 21 204 219 13 5- 17 190 227
33* 52 13 1-■20 143 156 13 5-■16 25* 48
307 290 13 1-■19 231 238 13 5-■15 169 184
0* 17 13 1-■IB 178 207 13 5-•14 132 185
79* 110 13 1-■17 161 134 13 5-■13 188 190
0* 27 13 1--16 107 43 13 5--12 0* 82
0* 40 13 1- 15 68* 59 13 5- 11 136 187
131 21 13 1-■14 212 187 13 5-•10 0* 25
0* 53 13 1- 13 470 467 13 5 -9 293 424
92* 35 13 1-■12 405 409 13 5 -8 0* 110
233 226 13 1- 11 530 531 13 5 -7 177 178
87* 3 13 1-■10 149 152 13 5 -6 180 173
183 166 13 1 -9 149 168 13 5 -5 0* 87
0* 11 13 1 -8 637 553 13 5 -4 301 399
267 250 13 1 -7 1050 1066 13 5 -3 0* 28
0* 20 13 1 -6 1036 1130 13 5 -2 171 237
56* 49 13 1 -Cl 655 564 13 5 -1 163 127
0* 4 13 1 -4 136 152 13 5 0 225 179
74* 119 13 1 -3 117 IB 13 5 1 154 177
0* 6 13 1 -2 552 467 13 j T 177 201
117* 127 13 1 -1 397 471 13 5 135 67
0* J 15 1 0 462 504 13 5 4 217 211
B25
Values of 10*Fobs and IO*Fcalc Page 16
H K L Fobs Fcalc H K L Fobs Fcalc H K L
13 5 5 221 233 13 11 -19 115* 90 13 15 -7
13 5 6 119 128 13 11-18 172 145 13 15 -6
13 5 7 0* 113 13 11 -17 17B 167 13 15 -5
13 5 e 57* 78 13 11-16 93* 100 13 15 -4
13 5 9 115* 93 13 11 -15 355 367 13 15 -3
13 7-22 68* 125 13 11-14 412 396 13 15 -2
13 7 -21 17* 57 13 11 -13 0* 137 13 15 -1
13 7 -20 0* 11 13 11-12 226 270 13 15 0
13 7--19 0* 72 13 11 -11 68* 79 13 15 1
13 7-18 121 191 13 11 -10 235 253 13 15 2
13 7--17 245 203 13 11 -9 280 251 13 15 3
13 7 -16 191 195 13 11 -8 262 270 13 15 4
13 7--15 153 164 13 11 -7 363 349 13 15 5
13 7 -14 145 188 13 11 -6 387 374 13 15 6
13 7- 13 0* 20 13 11 -5 253 270 13 15 7
13 7 -12 0* 19 13 11 -4 281 219 13 17--19
13 7- 11 265 298 13 11 -3 235 263 13 17- 18
13 7 -10 211 211 13 11 -2 33* 6? 13 17--17
13 7 -9 101 60 13 11 -1 ■ 239 256 13 17- 16
13 7 -8 287 238 13 11 0 0* 130 13 17--15
13 7 -7 389 361 13 11 1 440 419 13 17- 14
13 7 -6 401 340 13 11 2 357 354 13 17--13
13 7 -5 288 253 13 11 3 53* 104 13 17- 12
13 7 -4 70* 77 13 11 4 169 172 13 17- 11
13 7 -3 214 202 13 11 5 164 149 13 17- 10
13 7 -2 266 351 13 11 6 0* 87 13 17 -9
13 7 -1 112 43 13 11 7 191 190 13 17 -8
13 7 0 65* 16 13 11 8 136 171 13 17 -7
13 7 1 166 171 13 IS­ 21 125 100 13 17 -6
13 7 2 184 162 13 IS -20 0* 78 13 17 -5
13 7 3 215 194 13 13--19 152 117 13 17 -4
13 7 4 233 200 13 13 -18 0* 79 13 17 -3
13 7 5 155 193 13 IS­ 17 128 161 13 17 -2
13 7 6 0* 73 13 IS -16 262 285 13 17 -1
13 7 7 0* 15 13 13--15 0* 12 13 17 0
13 7 8 62* 38 13 13 -14 412 405 13 17 1
13 7 9 96* 124 13 13- 13 426 429 13 17 2
13 9- 22 0* 80 13 13 -12 46* 36 13 17 3
13 9- 21 209 212 13 13- 11 254 296 13 17 4
13 9- 20 200 213 13 13--10 166 1B1 13 17 5
13 9- 19 148 96 13 13 -9 462 492 13 17 6
13 9- 18 165 148 13 13 -8 274 242 13 19- 18
13 9- 17 172 147 13 13 -7 97* 119 13 19- 17
13 9- 16 312 332 13 13 -6 147 112 13 19- 16
13 9- 15 312 323 13 13 -5 273 278 13 19- 15
13 9- 14 0* 112 13 13 -4 474 497 13 19- 14
13 9- 13 218 198 13 13 -3 177 178 13 19- 13
13 9- 12 25* 31 13 13 -2 264 303 13 19- 12
13 9- 11 0* 159 13 13 -1 0* 35 13 19- 11
13 9- 10 207 185 13 13 0 432 437 13 19- 10
13 9 -9 0* 16 13 13 1 446 426 13 19 -9
13 9 -8 227 250 13 13 2 44* 13 13 19 -8
13 9 -7 398 452 13 13 3 281 275 13 19 -7
13 9 -6 402 420 13 13 4 142 165 13 19 -6
13 9 -5 227 250 13 13 5 98* 84 13 19 -5
13 9 -4 0* 38 13 13 6 97* 107 13 19 -4
13 9 -3 192 195 13 13 7 77* 83 13 19 -3
13 9 -2 68* 100 13 13 8 50* 95 13 19 -2
13 9 -1 0* 15 13 15- 20 135 124 13 19 -1
13 9 0 242 211 13 15- 19 0* 37 13 19 0
13 9 1 40* 117 13 15- 18 0* B6 13 19 1
13 9 2 317 326 13 15--17 0* 21 13 19 2
13 9 3 326 334 13 15- 16 287 281 13 19 3
13 9 4 121* 146 13 15--15 577 590 13 19 4
13 9 5 168 162 13 15- 14 0* 25 13 19 5
13 9 6 136 119 13 15 -13 0* 70 13 21- 17
13 9 7 211 215 13 15- 12 269 324 13 21- 16
13 9 8 199 211 13 15- 11 0* 131 13 21- 15
13 9 9 53* 81 13 15- 10 235 235 13 21- 14
13 11- 21 139 159 13 15 -9 129 138 13 21- 13
13 11- 20 214 197 13 15 -8 212 220 13 21- 12
Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc
0* 31 13 21-11 0* 39 14 0 -4 202 160
26* 14 13 21-10 102* 41 14 0 -2 419 393
214 224 13 21 -9 55* 97 14 0 0 346 383
0* 99 13 21 -8 0* 85 14 0 2 210 203
268 205 13 21 -7 193 184 14 0 4 169 149
75* 109 13 21 -6 39* 1B8 14 0 6 0* 79
285 309 13 21 -5 48* 89 14 0 8 153 197
0* 93 13 21 -4 29* 88 14 2-23 123 197
0* 36 13 21 -3 0* 35 14 2-22 SO* 42
582 580 13 21 -2 0* 36 14 2-21 61* 65
26B 300 13 21 -1 220 214 14 2-20 61* 49
72* 18 13 21 0 109* 102 14 2-19 208 215
32* 72 13 21 1 153 76 14 2-18 23* 34
0* 46 13 21 2 109* 147 14 2-17 229 227
79* 128 13 21 3 49* 46 14 2-16 44* 27
81* 76 13 21 4 0* 8 14 2-15 459 496
0* 44 13 23-16 172 175 14 2-14 141 156
119* 98 13 23-15 0* 76 14 2-13 384 423
203 220 13 23-14 0* 101 14 2-12 173 146
153 138 13 23-13 204 209 14 2-11 491 447
244 228 13 23-12 184 189 14 2-10 158 132
0* 21 13 23-11 140 137 14 2 -9 98 61
0* 24 13 23-10 61* 66 14 2 -8 0* 16
53* 124 13 23 -9 51* 37 14 2 -7 1045 942
131 104 13 23 -8 21* 138 14 2 -6 0* 48
216 203 13 23 -7 79* 103 14 2 -5 0* 31
122 130 13 23 -6 56* 8B 14 2 -4 168 156
132 147 13 23 -5 150 142 14 2 -3 518 509
120 135 13 23 -4 0* 38 14 2 -2 166 195
79* 102 13 23 -3 0* 58 14 2 -1 382 390
204 199 13 23 -2 167 138 14 2 0 166 144
99* 102 13 23 -1 163 193 14 2 1 474 487
109* 135 13 23 0 190 208 14 2 2 84* 34
0* 12 13 23 1 166 108 14 2 3 253 240
39* 13 13 23 2 0* 82 14 2 4 58* 57
236 247 13 23 3 172 164 14 2 5 146 216
112* 156 13 25-14 61* 97 14 2 6 57* 56
208 225 13 25-13 96* 147 14 2 7 36* 72
84* 102 13 25-12 164 159 14 2 8 0* 21
56* 36 13 25-11 92* 104 14 2 9 139 199
0* 77 13 25-10 54* 71 14 4-23 0* 2
0* 30 13 25 -9 0* 95 14 4-22 0* 177
0* 86 13 25 -8 91* 150 14 4-21 39* 54
0* 24 13 25 -7 201 159 14 4-20 108* 115
0* 12 13 25 -6 124* 158 14 4-19 0* 93
0* 66 13 25 -5 75* 143 14 4-18 392 384
205 233 13 25 -4 0* 105 14 4-17 51* 62
0* 27 13 25 -3 0* 72 14 4-16 296 305
56* 61 13 25 -2 157 109 14 4-15 137 140
123 74 13 25 -1 154 172 14 4-14 643 680
255 228 13 25 0 155 146 14 4-13 105* 124
345 342 13 25 1 0* 90 14 4-12 59* 49
169 137 13 27-11 0* 48 14 4-11 180 175
152 148 13 27-10 0* 89 14 4-10 583 516
324 329 13 27 -9 136 158 14 4 -9 51* 53
226 239 13 27 -8 131* 105 14 4 -8 0* 78
0* 66 13 27 -7 155 129 14 4 -7 0* 31
0* 49 13 27 -6 0* 128 14 4 -6 0* 45
0* 24 13 27 -5 121* 104 14 4 -5 64* 77
215 220 13 27 -4 0* 157 14 4 -4 599 518
0* 97 13 27 -3 33* 94 14 4 -3 222 204
0* 18 13 2 7 -2 0* 47 14 4 -2 22* 38
82* 25 14 0-22 183 193 14 4 -1 7 * 156
72* 90 14 0-20 120 73 14 4 0 652 679
120* 24 14 0-18 167 173 14 4 1 144 126
0* 26 14 0-16 202 183 14 4 2 315 321
0* 39 14 0-14 353 384 14 4 3 65*
181 133 14 0-12 419 381 14 4 4 372 399
46* 99 14 0-10 191 125 14 4 5 95* 96
0* 96 14 0 -8 871 790 14 4 6 80* 118
212 23! 14 0 -6 844 733 14 4 7 51* 32
Reflections flaaoed with an aster isk were considered unobserved.
B26
Values ol 10*Fobs and 10*Fcalc
K L Fobs Fcalc H L Fobs
4 8 168 179 14 10 -17 170
4 9 77* 2 14 10- 16 68*
6 -23 112 144 14 10 -15 406
6--22 75* 7 14 10--14 23*
6-21 0* 13 14 10 -13 204
6--20 0* 21 14 10- 12 58*
6 -19 17* 82 14 10 -11 185
6--18 0« 57 14 10- 10 136
&-17 246 247 14 10 -9 113
6 -16 125 103 14 10 -3 259
6 -15 421 443 14 10 -7 396
6--14 0* 131 14 10 -6 226
6 -13 175 221 14 10 -5 143
6- 12 0* 24 14 10 -4 139
6 -11 284 313 14 10 -3 140
6--10 0* 57 14 10 -2 0*
6 -9 644 526 14 10 - i 199
6 -8 167 159 14 10 0 41*
6 -7 61* '3 14 10 t 450
6 -6 165 148 14 10 ? 18*
6 “ J 618 548 14 10 3 183
6 -4 130 76 14 10 4 0*
6 -3 262 276 14 10 5 192
6 -2 0* 17 14 10 6 0*
6 -1 156 231 14 10 7 278
6 0 117 140 14 10 8 0*
6 1 444 465 14 12--21 0*
6 2 98* 87 14 12- 20 180
6 3 271 258 14 12- 19 103*
6 4 51* 37 14 12- 18 97*
6 CJ 96* 91 14 12- 17 70*
6 6 0* 8 14 12- 16 105*
b 7 78* 14 14 12- 15 0*
b 8 0* 6 14 12- 14 618
b 9 162 141 14 12- 13 31*
8- 22 107* 136 14 12- 12 142
8--21 0* 37 14 12- 11 141
8- 20 211 191 14 12- 10 334
8--19 0* 57 14 12 - q 43*
8- 18 16B 178 14 12 -8 367
8--17 0* 49 14 12 -7 84*
B- 16 334 352 14 12 -6 381
8--15 28* 82 14 12 -5 78*
8- 14 174 201 14 12 -4 325
8 -13 0* 10 14 12 -3 155
8- 12 152 179 14 12 -2 171
B-11 0* 108 14 12 -1 0*
8- 10 142 208 14 12 0 629
B -9 0* 129 14 12 1 88*
8 -8 293 264 14 12 2 0*
B -7 0* 36 14 12 3 15*
8 -6 324 309 14 12 4 69*
8 -5 74* 139 14 12 5 0*
8 -4 159 203 14 12 6 1B3
8 -3 0* 136 14 12 7 0*
8 -2 140 166 14 14- 21 174
8 -1 57* IS 14 14- 20 0*
8 0 189 198 14 14- 19 40*
8 1 0* 88 14 14- 18 34*
8 2 341 347 14 14- 17 230
a 3 0* 24 14 14- 16 56*
8 4 153 177 14 14- 15 162
8 5 104* 63 14 14- 14 137
8 6 162 204 14 14- 13 466
8 7 71* 37 14 14- 12 0*
3 6 124 142 14 14- 11 293
10 -22 0* 20 14 14- 10 0*
10- 21 297 314 14 14 -9 413
10 20 0* 29 14 14 -8 18*
10- 19 218 207 14 14 _7 107*
10- IB 0* 93 14 14 -6 0*
e f le c t i ons flagged with an aster i el: were
:calc H K L Fobs Fcalc H K L
177 14 14 -5 406 431 14 20--12
61 14 14 -4 72* 69 14 20-•11
437 14 14 -3 296 285 14 20--10
25 14 14 -2 0* 5 14 20 -9
212 14 14 -1 474 498 14 20 -8
86 14 14 0 132 129 14 20 -7
140 14 14 1 190 ISO 14 20 -6
146 14 14 2 0* 84 14 20 -5
113 14 14 3 234 242 14 20 -4
225 14 14 4 65* 40 14 20 -3
401 14 14 5 28* 74 14 20 -2
222 14 14 6 0* 9 14 20 -1
119 14 14 7 164 186 14 20 0
112 14 16-■20 182 182 14 20 1
156 14 16--19 0* 35 14 20 2
48 14 16--18 114* 73 14 20 3
202 14 16--17 99* 41 14 20 4
6 14 16-■16 473 469 14 22-•16
427 14 16--15 87* 7 14 22--15
53 14 16-•14 0* 141 14 22-•14
186 14 16-■13 0* 83 14 22--13
90 14 16-•12 419 443 14 22-■12
220 14 16--11 42* 61 14 22--11
IB 14 16-•10 237 237 14 22-■10
327 14 16 -9 0* 72 14 22 -9
16 14 16 -8 185 204 14 22 -8
12 14 16 -7 62* 7 14 22 -7
190 14 16 -6 178 195 14 22 -6
4 14 16 -5 0* 42 14 22 -5
95 14 16 -4 233 237 14 22 -4
1 14 16 -3 - 83* 69 14 22 -3
115 14 16 -2 403 425 14 22 -2
32 14 16 -1 0* 82 14 22 -1
639 14 16 0 48* 150 14 22 0
73 14 16 1 0* 5 14 22 1
202 14 16 2 485 479 14 22 2
144 14 16 3 0* 62 14 24-•15
348 14 16 4 118* 86 14 24- 14
110 14 16 J 0* 14 14 24--13
362 14 16 6 0* 182 14 24-■12
16 14 18--19 83* 17 14 24--11
364 14 18-■18 76* 17 14 24-•10
116 14 18-■17 247 245 14 24 -9
353 14 18- 16 0* 30 14 24 -B
129 14 18--15 53* 88 14 24 -7
203 14 18-■14 0* 61 14 24 -6
106 14 18--13 0* 33 14 24 -5
655 14 18-•12 33* 73 14 24 -4
26 14 18--11 183 174 14 24 -3
124 14 18-■10 0* 76 14 24 -2
2 14 18 -9 367 380 14 24 -1
107 14 IB -8 0* 42 14 24 0
1 14 18 -7 171 201 14 24 1
188 14 IB -6 0* 33 14 26-■12
2 14 18 -5 359 384 14 26--11
196 14 18 -4 0* 76 14 26-•10
7 14 18 -3 198 191 14 26 -9
70 14 18 -2 0* 43 14 26 -8
16 14 18 -1 0* 24 14 26 -7
228 14 18 0 0* 44 14 26 -6
89 14 18 1 130* 65 14 26 -5
193 14 IB 2 0* 22 14 26 -4
147 14 IB 3 230 244 14 26 -3
474 14 18 4 0* 11 14 26 -2
7 14 18 5 0* 14 15 1--23
304 14 20- 18 92* 132 15 1-■22
76 14 20-■17 0* 41 15 1--21
451 14 20-•16 0* 16 15 1-■20
14 14 20--15 0* 44 15 1--19
164 14 20-■14 0* 31 15 1-■18
16 14 20-■13 0* 37 15 1--17
considered unobserved.
Fobs Fcalc H K L
Page 17 
Fobs Fcalc--- ---- - - - --- ----
0* 35 15 1-16 235 270
0* 43 15 1-15 215 257
112* 100 15 1-14 144 167
0* 23 15 1-13 0* 49
276 287 15 1-12 224 298
0* 8 15 1-11 266 218
301 282 15 1-10 239 174
0* 33 15 1 -9 432 389
117* 106 15 1 -8 905 891
63* 36 15 1 -7 906 832
0* 38 15 1 -6 446 427
77* 40 15 1 -5 276 197
0* 26 15 1 -4 280 202
0* 19 15 1 -3 246 233
0* 14 15 1 -2 83* 43
0* 33 15 1 -1 152 142
113* 118 15 1 0 212 268
0* 33 15 1 1 275 285
98* 90 15 1 2 116 83
0* 76 15 1 3 240 192
234 246 15 1 4 225 204
0* 42 15 1 5 113* 90
0* 83 15 1 6 0* 49
0* 27 15 1 7 138 158
55* 34 15 1 8 91* 140
0* 38 15 3-23 155 192
258 258 15 3-22 0* 66
0* 6 15 3-21 0* 31
0* 26 15 3-20 43* 126
0* 33 15 3-19 150 150
145 80 15 3-18 149 . 156
73* 53 15 3-17 185 214
262 250 15 3-16 215 207
0* 73 15 3-15 491 524
0* 91 15 3-14 322 342
0* 31 15 3-13 .0* 80
0* 14 15 3-12 0* 133
199 197 15 3-11 446 440
0* 21 15 3-10 0* 17
228 214 15 3 -9 187 164
0* 34 15 3 -8 298 324
0* 54 15 3 -7 310 321
0* 49 15 3 -6 204 129
254 263 15 3 -5 30* IB
22* 13 15 3 -4 418 453
207 252 15 3 -3 0* 118
104* 32 15 3 -2 0* 62
0* 54 15 3 -1 327 313
0* 24 15 3 0 513 533
239 227 15 3 1 221 224
0* 22 15 3 2 163 228
216 207 15 3 3 162 171
0* 22 15 3 4 94* 155
0* 1 15 3 5 105* 128
86* 67 15 3 6 0* 51
36* 13 15 3 7 0* 70
204 233 15 3 8 141 182
0* 9 15 5-23 0* 77
204 251 15 5-22 42* 107
0* 0 15 5-21 0* 24
213 225 15 5-20 0* 44
0* 15 15 5-19 216 183
76* 68 15 5-18 53* 27
56* 13 15 5-17 0* 39
96* 135 15 5-16 331 310
44* 147 15 5-15 347 341
0* 52 15 5-14 221 224
77* 91 15 5-13 5B* 82
206 210 15 5-12 305 257
218 19B 15 5-1! 233 206
0* 68 15 5-10 150 230
B27
Values of 10*Fobs and 10*Fcalc Page IB
H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc
15 5 -9 0* 14! 15 9 -1 0* 74 15 IS­-16 410 398 15 19 4 0* 51 16 2-•22 0* 49
15 5 -8 28* 43 15 9 0 205 176 15 IS--15 91* 62 15 21 -17 106* 78 16 2--21 197 228
15 5 -7 56* 24 15 9 1 248 236 15 IS­-14 0* 73 15 21--16 111* 93 16 2--20 128 160
15 5 -6 43* 48 15 9 2 137 153 15 IS--13 415 420 15 21--15 0* 10 16 2--19 248 251
15 5 -5 197 209 15 9 3 0* 106 15 15--12 111* 86 15 21--14 71* 100 16 2--18 83* 61
15 5 -4 221 201 15 9 4 165 181 15 15--11 0* 66 15 21--13 248 249 16 2--17 123 132
15 5 -3 278 255 15 9 5 164 140 15 IS­-10 94* 107 15 21--12 0* 14 16 2-•16 0* 7
15 5 -2 45* 108 15 9 6 132 165 15 IS -9 0* 125 15 21--11 0* 83 16 2--15 464 482
15 5 -1 210 243 15 9 7 158 170 15 15 -8 185 164 15 21--10 0* 52 16 2-•14 55* 29
15 5 0 363 348 15 11--22 134 133 15 15 -7 149 168 15 21 -9 0* 41 16 2-•13 149 150
15 5 1 324 311 15 11--21 95* 107 15 15 -6 97* 121 15 21 -8 239 250 16 2-■12 133 137
15 5 2 0* 47 15 11--20 143 96 15 15 “J 156 117 15 21 -7 270 241 16 2--11 163 163
15 5 3 0* 23 15 l l - ■19 116* 108 15 15 -4 56* 86 15 21 -6 0* 55 16 2-■10 115 150
15 5 4 172 198 15 l l - -IB 53* 153 15 15 -3 0* 86 15 21 -5 0* 74 16 2 -9 546 534
15 5 5 0* 37 15 11-■17 0* 22 15 15 -2 432 440 15 21 -4 0* 78 16 2 -8 0* 42
15 5 6 0* 17 15 11--16 239 239 15 15 -1 0* 64 15 21 -3 0* 34 16 2 -7 564 537
15 5 7 136 95 15 11-■15 385 362 15 15 0 0* 61 15 21 -2 267 258 16 2 -6 86* 41
15 5 8 0* 75 15 11-■14 165 163 1 J 15 1 418 393 15 21 -1 0* 75 16 2 -5 157 185
15 7-■23 134 7B 15 11-■13 o* 5? 15 15 2 278 26? 15 2! o 0* 13 16 2 -4 128 157
15 7-•22 0* 49 15 11--12 o* 99 15 15 3 45* 49 15 21 1 0* 90 16 2 -3 102* 122
15 7-■21 95* 121 15 11- 11 179 231 15 15 4 0* 66 15 2! 2 0* 73 16 2 -2 0* 46
15 7-•20 0* 108 15 11--10 333 294 15 15 5 0* 71 15 23--16 107* 113 16 2 -1 476 482
15 7-•19 33* 134 15 11 -9 367 408 15 17-•20 37* 67 15 23-■15 0* 99 16 2 0 0* 21
15 7-•18 0* 129 15 11 -8 368 355 15 17--19 45* 17 15 23--14 167 110 16 2 1 0* 131
15 7- 17 55* 61 15 11 -7 342 344 15 17-•18 132 145 15 23-•13 48* 138 16 2 2 0* 42
15 7-•16 0* 83 15 11 -6 367 420 15 17-■17 226 225 15 23--12 160 182 16 2 3 228 253
15 7-•15 79* 102 15 11 *5 322 315 15 17- 16 0* 26 15 23-■11 0* 35 16 2 4 158 163
15 7-■14 151 177 15 11 -4 219 229 15 17-■15 0* 54 15 23-■10 0* 112 16 2 5 188 230
15 7- 13 167 193 15 11 -3 53* 88 15 17- 14 69* 68 15 23 -9 47* 109 16 2 6 78* 70
15 7-■12 153 124 15 11 -2 0* 45 15 17--13 175 195 15 23 -8 85* 139 16 2 7 214 224
15 7-■11 332 313 15 11 -1 198 184 15 17- 12 0* 162 15 23 -7 0* 163 16 4-•23 0* 3
15 7-■10 367 380 15 11 0 379 369 15 17-■11 0* 29 15 23 -6 97* 103 16 4--22 95* 14
15 7 -9 202 199 15 11 1 261 246 15 17- 10 110* 160 15 23 “ 5 0* 109 16 4-•21 0* 24
15 7 -8 0* 16 15 11 2 0* 16 15 17 -9 190 180 15 23 -4 0* 27 16 4--20 267 271
15 7 -7 0* 27 15 11 3 124* 158 15 17 -B 139 111 15 23 -3 154 186 16 4--19 81* 131
15 7 -6 213 168 15 11 4 149 106 15 17 -7 18* 121 15 23 -2 194 124 16 4--18 129 143
15 7 -5 370 367 15 11 5 27* 80 15 17 -6 203 195 15 23 -1 80* 116 16 4-•17 126 50
15 7 -4 322 354 15 11 6 131 116 15 17 -5 117* 155 15 23 0 50* 103 16 4--16 386 373
15 7 ■3 128 133 15 11 7 88* 143 15 17 -4 0* 24 15 23 1 106* 120 16 4--15 0* 48
15 7 -2 141 149 15 13--21 0* 74 15 17 -3 106* 186 15 25--13 148 165 16 4--14 0* 41
15 7 -1 149 179 15 13- 20 39* 34 15 17 -2 193 191 15 25-■12 99* 36 16 4-■13 191 165
15 7 0 34* 138 15 13-■19 0* 38 15 17 -1 0* 70 15 25--11 86* 70 16 4--12 362 333
15 7 1 0* 44 15 13-•18 137 146 15 17 0 57* 50 15 25-•10 129* 126 16 4--11 0* 19
15 7 2 0* 54 15 13--17 249 255 15 17 1 0* 27 15 25 -9 208 134 16 4--10 0* 25
15 7 3 42* 141 15 13- 16 38* 96 15 17 2 208 197 15 25 -8 130* 139 16 4 -9 180 126
15 7 4 0* 138 15 13--15 301 301 15 17 3 186 154 15 25 -7 193 130 16 4 -a 334 396
15 7 J 143 105 15 13- 14 321 359 15 17 4 0* 25 15 25 -6 141 138 16 4 -7 191 179
15 7 6 97* 109 15 13--13 0* 20 15 17 J 95* 70 15 25 -5 125* 127 16 4 -6 0* 23
15 7 7 0* 48 15 13-■12 62* 149 15 19- 19 0* 62 15 25 -4 79* 64 16 4 -5 0* 33
15 7 8 72* 81 15 13-•11 64* 35 15 19-■18 20* 119 15 25 -3 86* 49 16 4 -4 324 327
15 0-•22 141 149 15 13- 10 301 296 15 19- 17 59* 17 15 25 -2 160 162 16 4 -3 216 155
15 9-•21 163 170 15 13 -9 438 468 15 19-■16 0* 65 15 27 -9 0* 134 16 4 -2 37* 67
15 9- 20 171 150 15 13 -B 221 262 15 19- 15 54* 19 15 27 -8 58* 96 16 4 -1 0* 81
15 9-■19 210 198 15 13 -7 221 257 15 19-•14 217 202 15 27 -7 80* 106 16 4 0 404 382
15 9- 18 102* 89 15 13 -6 442 468 15 19- 13 105* 70 15 27 -6 0* 134 16 4 1 117* 48
15 9-•17 161 137 15 13 -5 313 320 15 19-■12 54* 49 16 0--22 250 272 16 4 2 209 150
15 9- 16 207 228 15 13 -4 57* 42 15 19- 11 0* 31 16 0-•20 255 269 16 4 3 160 148
15 9-■15 161 192 15 13 -3 0* 154 15 19-•10 0* 77 16 0--18 0* 24 16 4 4 276 258
15 9- 14 0* 60 15 13 -2 78* 43 15 19 -9 305 314 16 0-•16 382 364 16 4 5 0* 15
15 9-•13 0* 24 15 13 -1 319 353 15 19 -8 232 216 16 0--14 374 357 16 4 6 57* 14
15 9- 12 131 102 15 13 0 318 316 15 19 -7 213 208 16 0-•12 337 305 16 4 7 66* 1B715 9-■11 215 215 15 13 1 0* 87 15 19 -6 290 329 16 0--10 615 624 16 6--23 52*
15 9-•10 281 309 15 13 2 272 264 15 19 -5 115* 87 16 0 -8 1799 1727 16 6--22 0* 27
15 9 -9 161 182 15 13 3 157 151 15 19 -4 0* 41 16 0 -6 622 566 16 6--21 109* 90
15 9 -8 192 192 15 13 4 0* 46 15 19 -3 64* 57 16 0 -4 342 316 16 6--20 0* 29
15 9 -7 189 174 15 13 5 0* 39 15 19 -2 0* 68 16 0 -2 367 377 16 6--19 165 1B4
15 9 -6 167 189 15 13 6 0* 80 15 19 -1 177 207 16 0 0 377 394 16 6--18 77* 81
15 9 -5 26! 275 15 15--20 0* 60 15 19 0 0* 40 16 0 2 0* 31 16 6'-17 158 141
15 9 -4 194 197 15 15- 19 81* 37 15 19 1 36* 70 16 0 4 291 269 16 6--16 97* 91
15 9 -3 130 94 15 15-•18 79* 67 15 19 2 0* 16 16 0 6 344 279 16 6'-15 153 101
15 9 0* 28 15 15- 17 267 268 15 19 3 88* 105 16 2-■23 189 210 16 6--14 0* 56
Ref lections flagged with an aster isk were considered unobserved.
B28
HValues of 
K L Fobs
10*Fobs
Fcalc
and
H
10*Fcalc 
K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc H K L
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Fobs Fcalc
- -  - --------- ------------ - -  - --------- ------------ - - - --------- ------------ -  -  - --------- ----------- " - - - - -
16 6-13 0* 129 16 10 -3 115* 138 16 16-15 84* 78 16 22 -9 22* 124 17 3-14 16* 104
16 6-12 153 107 16 10 -2 0* 29 16 16-14 206 184 16 22 -8 22* 15 17 3-13 34* 68
16 6-11 298 267 16 10 -1 231 217 16 16-13 57* 73 16 22 -7 85* 141 17 3-12 248 228
16 6-10 0* 6 16 10 0 174 152 16 16-12 0* 38 16 22 -6 76* 40 17 3-11 B7* 85
16 6 -9 325 313 16 10 1 296 290 16 16-11 80* 28 16 22 -5 38* 101 17 3-10 156 148
16 6 -B 0* 14 16 10 2 0* 68 16 16-10 149 189 16 22 -4 0* 40 17 3 -9 2B1 290
16 6 -7 309 266 16 10 3 167 160 16 16 -9 52* 27 16 22 -3 254 262 17 3 -8 306 271
16 6 -6 0* 28 16 10 4 0* 59 16 16 -8 0* 104 16 22 -2 0* 45 17 3 -7 102* 105
16 6 -5 293 241 16 10 5 217 206 16 16 -7 0* 47 16 22 -1 162 129 17 3 -6 0* 79
16 6 -4 95* 54 16 10 6 0* 11 16 16 -6 172 176 16 22 0 0* 5 17 3 -5 231 224
16 6 -3 79* 101 16 12-22 141 161 16 16 -5 0* 43 16 24-14 235 248 17 3 -4 0* 84
16 6 -2 0* 37 16 12-21 70* 51 16 16 -4 141 51 16 24-13 0* 89 17 3 -3 32* 97
16 6 -1 37* 127 16 12-20 0* 80 16 16 -3 0* 71 16 24-12 57* 128 17 3 -2 401 442
16 6 0 117* 120 16 12-19 0* 62 16 16 -2 189 199 16 24-11 0* 47 17 3 -1 366 368
16 6 1 0* 137 16 12-18 183 221 16 16 -1 0* 95 16 24-10 59* 47 17 3 0 110* 110
16 6 2 111* 93 16 12-17 B2* 96 16 16 0 291 310 16 24 -9 0* 61 17 3 1 0* 118
16 6 3 192 186 16 12-16 243 240 16 16 1 0* 58 16 24 -8 188 173 17 3 2 203 215
16 6 4 28* 38 16 12-15 48* 2 16 16 2 205 219 16 24 -7 0* 70 17 3 3 270 231
16 6 5 0* 95 16 12-14 323 329 16 16 3 0* 28 16 24 -6 0* 53 17 3 4 49* 147
16 6 6 0* 2 16 12-13 39* 64 16 16 4 67* 35 16 24 -5 59* 47 17 3 j 57* 22
16 6 7 58* 79 16 12-12 246 220 16 18-19 66* 46 16 24 -4 45* 131 17 3 6 66* 71
16 8-23 0* 12 16 12-11 0* 9 16 1B-1B 0* 25 16 24 -3 136 92 17 5-23 96* 104
16 8-22 152 161 16 12-10 607 653 16 18-17 92* 67 16 24 -2 245 250 17 5-22 101* 143
16 8-21 0* 86 16 12 -9 0* 90 16 18-16 0* 34 16 26-11 134 149 17 5-21 81* 93
16 8-20 0* 28 16 12 -8 0* 42 16 18-15 226 242 16 26-10 0* 25 17 5-20 228 245
16 8-19 0* 48 16 12 -7 0* 80 16 18-14 0* 47 16 26 -9 130* 159 17 5-19 191 200
16 8-18 210 233 16 12 -6 608 643 16 18-13 125* 22 16 26 -8 0* 1 17 5-18 61* 109
16 8-17 0* 3 16 12 -5 33* 31 16 18-12 0* 10 16 26 -7 170 162 17 5-17 213 211
16 8-16 221 207 16 12 -4 228 234 16 18-11 171 103 16 26 -6 0* 31 17 5-16 333 335
16 8-15 84* 85 16 12 -3 0* 39 16 IB-10 0* 11 16 26 -5 81* 143 17 5-15 0* 123
16 8-14 45* 74 16 12 -2 340 326 16 18 -9 291 282 17 1-24 0* 54 17 5-14 0* 63
16 8-13 139 101 16 12 -1 0* 5 16 18 -8 64* 5 17 1-23 17* 71 17 5-13 215 253
16 8-12 225 229 16 12 0 222 256 16 IB -7 287 296 17 1-22 178 160 17 5-12 181 156
16 8-11 153 142 16 12 1 124* 110 16 18 -6 0* 10 17 1-21 202 197 17 5-11 270 279
16 8-10 245 247 16 12 2 233 222 16 18 -5 57* 95 17 1-20 199 147 17 5-10 114* 180
16 8 -9 0* 49 16 12 3 70* 49 16 IB -4 0* 12 17 1-19 0* 44 17 5 -9 286 252
16 8 -8 476 470 16 12 4 0* 62 16 18 -3 0* 35 17 1-18 79* 12 17 5 -8 290 256
16 8 -7 13* 40 16 12 5 0* 39 16 18 -2 0* 40 17 1-17 . 159 163 17 5 -7 122 170
16 8 -6 236 265 16 12 6 142 165 16 IB -1 241 248 17 1-16 177 204 17 5 -6 279 319
16 8 -5 117 144 16 14-21 10B* 104 16 18 0 0* 64 17 1-15 159 194 17 5 -5 148 148
16 8 -4 181 213 16 14-20 0* 27 16 IB 1 84* 69 17 1-14 344 361 17 5 -4 191 252
16 8 -3 121 99 16 14-19 0* 37 16 IB 2 0* 39 17 1-13 205 238 17 5 -3 28* 88
16 8 -2 36* 88 16 14-18 28* 11 16 18 3 0* 46 17 1-12 84* 17 17 5 -2 0* 112
16 8 -1 88* 66 16 14-17 409 409 16 20-18 48* 46 17 1-11 0* 90 17 5 -1 331 350
16 B 0 174 198 16 14-16 104* 34 16 20-17 61* 27 17 1-10 30B 247 17 5 0 201 204
16 8 1 0* 1 16 14-15 257 232 16 20-16 0* 49 17 1 -9 848 842 17 5 1 28* 113
16 8 2 214 235 16 14-14 0* 46 16 20-15 55* 68 17 1 -8 834 813 17 5 2 0* 220
16 8 3 59* 59 16 14-13 278 248 16 20-14 295 284 17 1 -7 311 333 17 5 3 258 260
16 8 4 0* 39 16 14-12 112* 136 16 20-13 131* 100 17 1 -6 83* 51 17 5 4 83* 112
16 8 5 0* 71 16 14-11 250 307 16 20-12 0* 67 17 1 -5 0* 26 17 5 5 0* 144
16 8 6 192 158 16 14-10 98* 86 16 20-11 0* 67 17 1 -4 240 243 17 5 6 104* 107
16 B 7 56* 18 16 14 -9 185 177 16 20-10 203 227 17 1 -3 346 346 17 7-23 0* 60
16 10-22 0* 18 16 14 -8 0* 24 16 20 -9 62* 5 17 1 -2 215 215 17 7-22 0* 26
16 10-21 176 205 16 14 -7 153 140 16 20 -8 228 225 17 1 -1 197 191 17 7-21 98* 49
16 10-20 0* 64 16 14 -6 0* 78 16 20 -7 133* 12 17 1 0 156 134 17 7-20 0* 49
16 10-19 204 157 16 14 -5 228 278 16 20 -6 271 251 17 1 1 0* 19 17 7-19 175 187
16 10-18 0* 71 16 14 -4 134 151 16 20 -5 89* 38 17 1 2 0* 33 17 7-18 211 226
16 10-17 284 282 16 14 -3 270 254 16 20 -4 0* B3 17 1 3 169 164 17 7-17 158 192
16 10-16 123 163 16 14 -2 60* 62 16 20 -3 142 94 17 1 4 19B 198 17 7-16 0* 13
16 10-15 236 226 16 14 -1 233 242 16 20 -2 278 284 17 1 5 166 168 17 7-15 0* 66
16 10-14 0* 59 16 14 0 0* 29 16 20 -1 64* 108 17 1 6 0* 74 17 7-14 0* 52
16 10-13 148 121 16 14 1 431 407 16 20 0 0* 47 17 1 7 95* 67 17 7-13 121 119
16 10-12 24* 28 16 14 2 30* 32 16 20 1 0* 24 17 3-23 0* 55 17 7-12 329 338
16 10-11 280 277 16 14 3 0* 30 16 20 2 0* 38 17 3-22 0* 16 17 7-11 0* 57
16 10-10 155 184 16 14 4 0* 10 16 22-16 0* 1 17 3-21 131 134 17 7-10 270 265
16 10 -9 320 319 16 14 5 56* 109 16 22-15 42* 131 17 3-20 211 239 17 7 -9 252 289
16 10 -8 0* 8 16 16-20 0* 14 16 22-14 0* 24 17 3-19 202 185 17 7 -8 241 278
16 10 -7 307 346 16 16-19 0* 16 16 22-13 278 272 17 3-18 107* 118 17 7 -7 265 285
16 10 -6 134 148 16 16-18 136 226 16 22-12 0* 41 17 3-17 0* 121 17 7 -6 38* 62
16 10 -5 301 310 16 16-17 0* 48 16 22-11 61* 100 17 3-16 359 368 17 7 -5 313 319
16 10 -4 54* 65 16 16-16 313 303 16 22-10 0* 49 17 3-15 413 416 P 7 -4 130 130
Reflections flagged with an asterisk were considered unobserved.
B29
Values of 
K L Fobs
10*Fobs and 
Fcalc H
10*Fcalc 
K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc H K L
Page 20 
Fobs Fcalc
7 -3 81* 50 17 13-18 56* 147 17 17 2 87* 32 18 0-10 588 593 18 6-21 70* 16
7 -2 38* 48 17 13-17 125 105 17 17 3 38* 8 18 0 -8 610 567 18 6-20 70* 30
7 -1 51* 13 17 13-16 295 296 17 19-19 43* 38 18 0 -6 77* 109 18 6-19 115* 116
7 0 0* 190 17 13-15 388 403 17 19-18 0* 20 18 0 -4 655 681 18 6-18 0* 162
7 1 239 248 17 13-14 206 166 17 19-17 0* 11 18 0 -2 180 201 18 6-17 175 176
7 2 180 180 17 13-13 127 132 17 19-16 129* 95 18 0 0 45* 30 18 6-16 167 145
7 3 58* 50 17 13-12 63* 110 17 19-15 105* 113 18 0 2 205 192 IB 6-15 274 282
7 4 0* 51 17 13-11 278 285 17 19-14 0* 66 18 0 4 122* 103 18 6-14 0* 42
7 5 0* 30 17 13-10 389 374 17 19-13 0* 16 18 0 6 132 154 18 6-13 351 358
7 6 0* 53 17 13 -9 0* 78 17 19-12 106* 147 IS 2-24 86* 22 18 6-12 172 140
9-23 52* 140 17 13 -8 31* 94 17 19-11 215 208 18 2-23 78* 68 IB 6-11 69* 155
9-22 183 175 17 13 -7 405 398 17 19-10 227 237 18 2-22 87* 3 18 6-10 0* 30
9-21 146 112 17 13 -6 301 266 17 19 -9 0* 38 IB 2-21 187 209 18 6 -9 0* 109
9-20 0* 10 17 13 -5 0* 92 17 19 -8 88* 35 18 2-20 51* 90 18 6 -8 28* 62
9-19 33* 34 17 13 -4 180 147 17 19 -7 240 239 18 2-19 200 160 18 6 -7 188 138
9-18 246 214 17 13 -3 207 163 17 19 -6 246 229 18 2-18 0* 39 18 6 -6 25* 163
9-17 214 213 17 13 -2 378 393 17 19 -5 123* 128 18 2-17 244 221 18 6 -5 352 381
9-16 136 120 17 13 -1 275 290 17 19 -4 112* 15 18 2-16 67* 23 18 6 -4 36* 30
9-15 186 167 17 13 0 25* 106 17 19 -3 53* 62 18 2-15 451 426 18 6 -3 263 300
9-14 139 197 17 13 1 125* 147 17 19 -2 24* 106 18 2-14 0* 66 18 6 -2 52* 141
9-13 245 262 17 13 2 0* 52 17 19 -1 29* 114 18 2-13 401 393 18 6 -1 194 179
9-12 0* 56 17 13 3 0* 33 17 19 0 0* 9 18 2-12 38* 11 18 6 0 170 151
9-11 80* 88 17 13 4 128 58 17 19 1 0* 18 18 2-11 45* 41 18 6 1 0* 114
9-10 60* 49 17 15-21 0* 49 17 19 2 33* 33 18 2-10 0* 76 IB 6 2 144 42
9 -9 377 345 17 15-20 0* 10 17 21-17 0* 58 18 2 -9 622 572 18 6 3 30* 14
9 -8 378 333 17 15-19 30* 98 17 21-16 0* 65 18 2 -a 0* 137 IB 6 4 93* 37
9 -7 0* 14 17 15-18 225 192 17 21-15 197 145 18 2 -7 0* 31 18 6 5 0* 43
9 -6 130 106 17 15-17 303 332 17 21-14 203 196 18 2 -6 43* 8 18 8-23 31* 56
9 -5 0* 40 17 15-16 200 177 17 21-13 87* 84 18 2 -5 394 373 18 8-22 111* 170
9 -4 235 252 17 15-15 0* 77 17 21-12 0* 70 18 2 -4 85* 76 18 8-21 0* 81
9 -3 188 172 17 15-14 224 250 17 21-11 176 131 18 2 -3 466 452 IB 8-20 94* 29
9 -2 211 174 17 15-13 93* 124 17 21-10 0* 84 13 2 -2 0* 15 18 8-19 0* 15
9 -1 148 113 17 15-12 111* 205 17 21 -9 0* 68 18 2 -1 227 214 IB 8-18 205 221
9 0 231 227 17 15-11 309 336 17 21 -8 38* 93 18 2 0 0* 24 18 8-17 0* 32
9 1 211 210 17 15-10 50* 64 17 21 -7 0* 98 18 2 1 189 173 IB 8-16 125 86
9 2 57* 30 17 15 -9 0* 32 17 21 -6 0* 103 18 2 2 0* 101 18 8-15 130 102
9 3 0* 10 17 15 -8 62* 37 17 21 -5 0* 79 18 2 3 217 207 18 8-14 258 250
9 4 58* 127 17 15 -7 105* 73 17 21 -4 0* 80 18 2 4 0* 4 18 8-13 204 222
9 5 153 179 17 15 -6 310 315 17 21 -3 148 191 18 2 5 72* 70 18 8-12 60* 79
9 6 133 152 17 15 -5 171 191 17 21 -2 154 154 18 2 6 55* 16 18 8-11 77* 96
11-22 164 153 17 15 -4 47* 106 17 21 -1 56* 50 18 4-23 104* 82 IB 8-10 330 323
11-21 0* 85 17 15 -3 212 249 17 21 0 42* 62 18 4-22 0* 62 18 8 -9 0* 16
11-20 130 67 17 15 -2 0* 78 17 23-15 57* 180 18 4-21 0* 102 18 8 -8 330 335
11-19 56* 59 17 15 -1 203 161 17 23-14 173 197 18 4-20 280 280 18 8 -7 0* 80
11-18 40* 56 17 15 0 317 346 17 23-13 0* 128 18 4-19 0* 18 18 8 -6 67* 54
11-17 141 110 17 15 1 194 211 17 23-12 116* 69 18 4-18 163 148 18 B -5 238 244
11-16 n o * 164 17 15 2 151 111 17 23-11 0* 67 18 4-17 60* 10 18 B -4 242 235
11-15 332 347 17 15 3 0* 10 17 23-10 0* 89 18 4-16 429 433 18 8 -3 0* 113
11-14 208 181 17 15 4 0* 66 17 23 -9 0* 117 18 4-15 127 143 18 8 -2 59* 98
11-13 0* 94 17 17-20 0* 10 17 23 -8 0* 98 18 4-14 332 357 18 8 -1 0* 37
11-12 78* 80 17 17-19 0* 43 17 23 -7 75* 98 18 4-13 0* 72 18 8 0 209 209
11-11 0* 159 17 17-18 149 186 17 23 -6 0* 74 18 4-12 203 210 18 8 1 0* 9
11-10 342 336 17 17-17 164 202 17 23 -5 0* 77 18 4-11 30* 8 18 8 2 21* 33
11 -9 138 136 17 17-16 60* 108 17 23 -4 126* 127 18 4-10 0* 32 18 8 3 0* 87
11 -8 122 151 17 17-15 0* 19 17 23 -3 204 212 18 4 -9 0* 0 18 8 4 174 169
11 -7 323 332 17 17-14 35* 22 17 23 -2 0* 183 18 4 -8 46* 33 18 8 5 60* 59
11 -6 107* 172 17 17-13 186 178 17 25-12 0* 75 18 4 -7 0* 18 18 10-22 0* 0
11 -5 83* 120 17 17-12 210 250 17 25-11 0* 39 18 4 -6 235 233 18 10-21 138 152
11 -4 64* 93 17 17-11 203 227 17 25-10 0* 99 18 4 -5 0* 45 18 10-20 0* 39
11 -3 191 IBS 17 17-10 48* 130 17 25 -9 159 179 18 4 -4 333 357 18 10-19 0* 71
11 -2 329 352 17 17 -9 0* 16 17 25 -8 121* 182 IB 4 -3 0* 137 18 10-18 0* 23
11 -1 113* 177 17 17 -8 56* 28 17 25 -7 0* 88 18 4 -2 442 437 18 10-17 280 324
11 0 
11 1
115* 113 17 17 -7 16? 129 17 25 -6 113* 38 18 4 -1 61* 2 IB 10-16 171 124
0* 54 17 17 -6 192 219 17 25 -5 49* 70 18 4 0 112* 150 18 10-15 0* 118
11 2 51* 61 17 17 -5 226 256 18 0-24 94* 140 18 4 1 0* 0 IB 10-14 249 243
11 3 0* 77 17 17 -4 187 160 IB 0-22 75* 135 18 4 2 295 298 IB 10-13 0* 68
11 4 131 89 17 17 -3 0* 20 IB 0-20 179 184 18 4 3 56* 112 IB 10-12 175 155
11 5 191 164 17 17 -2 0* 25 18 0-18 0* 40 18 4 4 46* 54 18 10-11 298 301
13-21 38* 63 17 17 -1 96* 123 18 0-16 228 216 18 4 5 88* 85 18 10-10 44* 44
13-20 0* 23 17 17 0 182 223 18 0-14 656 662 18 6-23 0* 47 18 10 -? 576 5B3
13-19 72* 41 17 17 ! 193 19? 18 0-12 61* 68 18 6-22 0* 25 18 10 -8 0* 47
Ref lect ions flaaoed with an aste r isk were considered unobserved.
B30
Values of 
H K L Fobs
10*Fobs
Fcalc
and 10*Fcalc 
H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc H K L
Page 21 
Fobs Fcalc
18 10 -7 305 319 18 16-13 0* 69 18 24-13 86* 9 19 5-21 77* 104 19 9 -6 0* 66
IB 10 -6 1 IB* 119 IB 16-12 274 264 18 24-12 95* 18 19 5-20 100* 69 19 9 -5 0* 90
18 10 -5 65* 74 18 16-11 0* 81 18 24-11 62* 1 19 5-19 43* 142 19 9 -4 0* 28
IB 10 -4 256 248 18 16-10 0* 94 18 24-10 156 182 19 5-18 34* 132 19 9 -3 68* 55
18 10 -3 0* 106 18 16 -9 63* 1 18 24 -9 0* 6 19 5-17 0* 125 19 9 -2 294 312
18 10 -2 151 111 IB 16 -8 63* 110 18 24 -8 140* 176 19 5-16 0* 98 19 9 -1 70* 149
18 10 -1 291 333 18 16 -7 53* 78 18 24 -7 0* 13 19 5-15 211 250 19 9 0 36* 95
18 10 0 49* 17 18 16 -6 248 250 IB 24 -6 0* 18 19 5-14 0* 77 19 9 1 0* 65
18 10 1 42* 71 18 16 -5 0* 71 18 24 -5 33* 11 19 5-13 0* 22 19 9 2 64* 47
18 10 2 0* 44 18 16 -4 155 153 19 1-24 172 163 19 5-12 228 217 19 9 3 92* 145
18 10 3 154 148 18 16 -3 0* 21 19 1-23 120 64 19 5-11 32* 37 19 9 4 0* 83
18 10 4 0* 9 18 16 -2 83* 15 19 1-22 19* 37 19 5-10 63* 121 19 11-22 0* 80
18 12-22 71* 105 18 16 -1 0* 43 19 1-21 162 183 19 5 -9 115* 122 19 11-21 169 129
18 12-21 33* 14 18 16 0 361 388 19 1-20 155 158 19 5 -8 125 55 19 11-20 101* 51
18 12-20 94* 99 18 16 1 0* 59 19 1-19 61* 86 19 5 -7 220 203 19 11-19 45* 13
18 12-19 53* 4 18 16 2 0* 46 19 1-18 66* 82 19 5 -6 0* 16 19 11-18 255 239
18 12-18 214 183 18 18-19 105* 118 19 1-17 163 !B7 19 5 -5 14* 71 19 11-17 221 222
18 12-17 81* 125 18 18-18 0* 18 19 1-16 259 260 19 5 -4 264 238 19 11-16 207 221
18 12-16 . 404 429 18 18-17 0* 69 19 1-15 306 332 19 5 -3 46* 124 19 11-15 62* 19
18 12-15 0* 82 18 18-16 0* 4 19 1-14 294 294 19 J ~i 32* 121 19 11-14 n* 10
18 12-14 123 68 18 18-15 43* 15 19 1-13 197 19 5 -1 68* 128 19 11-13 361 358
18 12-13 0* 47 18 18-14 171 B3 19 1-12 *62* 78 19 5 0 172 145 19 11-12 215 236
18 12-12 232 256 18 18-13 129* 137 19 1-11 248 244 19 5 1 0* 68 19 11-11 282 244
18 12-11 0* 28 18 18-12 63* 70 19 1-10 578 555 19 5 2 0* 103 19 11-10 136 173
18 12-10 492 501 18 18-11 324 325 19 1 -9 570 572 19 5 3 31* 18 19 11 -9 169 192
18 12 -9 0* 4 18 18-10 79* 55 19 1 -8 267 277 19 5 4 0* 11 19 11 -8 266 264
IB 12 -8 470 512 18 IB -9 55* 64 19 1 -7 0* 87 19 7-23 88* 73 19 11 -7 0* 254
18 12 -7 0* 29 18 18 -8 0* 43 19 1 -6 215 207 19 7-22 48* 9 19 11 -6 355 353
18 12 -6 241 264 18 18 -7 354 343 19 1 -5 309 318 19 7-21 0* 10 19 11 -5 0* 13
IB 12 -5 55* 43 IB IB -6 • 0* 70 19 1 -4 331 327 19 7-20 0* 24 19 11 -4 0* 21
18 12 -4 0* 60 18 IB -5 121* 149 19 1 -3 244 255 19 7-19 0* 111 19 11 -3 216 235
18 12 -3 134 89 18 18 -4 0* 79 19 1 -2 208 206 19 7-18 190 182 19 11 -2 201 211
18 12 -2 406 443 18 18 -3 0* 14 19 1 -1 0* 84 19 7-17 91* 132 19 11 -1 241 254
IB 12 -1 100* 100 18 18 -2 0* 10 19 1 0 61* 82 19 7-16 155 169 19 11 0 43* 19
IB 12 0 225 199 18 IB -1 0* 65 19 1 1 170 157 19 7-15 0* 21 19 11 1 0* 51
18 12 1 0* 15 18 18 0 0* 14 19 1 2 229 188 19 7-14 0* 28 19 11 2 71* 112
18 12 2 0* 93 18 IB 1 0* 117 19 1 3 0* 27 19 7-13 184 192 19 11 3 0* 75
18 12 3 0* 24 IB 20-18 0* 29 19 1 4 0* 54 19 7-12 0* 73 19 13-22 18* 55
18 12 4 66* 111 18 20-17 46* 31 19 1 5 159 185 19 7-11 36B 406 19 13-21 0* 22
IB 14-21 0* 20 18 20-16 30* 103 19 3-24 0* 73 19 7-10 155 179 19 13-20 0* 47
18 14-20 0* 8 18 20-15 0* 4 19 3-23 0* 9 19 7 -9 172 169 19 13-19 50* 130
18 14-19 241 226 18 20-14 0* 17 19 3-22 136 120 19 7 -8 381 411 19 13-18 237 1B7
18 14-18 89* 79 18 20-13 0* 42 19 3-21 164 138 19 7 -7 98* 76 19 13-17 256 259
18 14-17 318 336 IB 20-12 137* 174 19 3-20 204 210 19 7 -6 160 209 19 13-16 80* 63
18 14-16 57* 74 18 20-11 0* 59 19 3-19 0* 100 19 7 -5 0* 33 19 13-15 0* 101
18 14-15 123* 155 18 20-10 140* 191 19 3-18 57* 112 19 7 -4 46* 13 19 13-14 230 235
18 14-14 159 167 18 20 -9 0* 5 19 3-17 163 186 19 7 -3 202 173 19 13-13 217 235
18 14-13 189 174 18 20 -8 148 205 19 3-16 217 248 19 7 -2 61* 133 19 13-12 219 204
18 14-12 0* 79 18 20 -7 0* 77 19 3-15 230 195 19 7 -1 165 183 19 13-11 69* 191
18 14-11 351 346 18 20 -6 212 176 19 3-14 273 260 19 7 0 0* 95 19 13-10 65* 145
18 14-10 0* 39 18 20 -5 81* 61 19 3-13 175 158 19 7 1 0* 20 19 13 -9 141 141
18 14 -9 167 181 18 20 -4 0* 21 19 3-12 0* 29 19 7 2 0* 23 19 13 -8 182 199
IB 14 -8 37* 31 18 20 -3 74* 14 19 3-11 66* 139 19 7 3 0* 16 19 13 -7 146 209
IB 14 -7 332 350 IB 20 -2 0* 88 19 3-10 232 239 19 7 4 88* 59 19 13 -6 227 244
18 14 -6 71* 70 18 20 -1 121* 16 19 3 -9 195 188 19 9-23 0* 77 19 13 -5 214 234
18 14 -5 133* 158 IB 20 0 0* 31 19 3 -8 114* 80 19 9-22 132 148 19 13 -4 0* 90
IB 14 -4 160 163 18 22-16 0* 32 19 3 -7 0* 38 19 9-21 20* 40 19 13 -3 0* 80
IB 14 -3 136 153 18 22-15 117* 162 19 3 -6 154 111 19 9-20 95* 49 19 13 -2 244 263
18 14 -2 0* 70 18 22-14 49* 27 19 3 -5 271 262 19 9-19 44* 98 19 13 -1 195 179
18 14 -1 338 338 18 22-13 39* 14 19 3 -4 226 221 19 9-18 168 157 19 13 0 50* 148
18 14 0 0* 68 18 22-12 112* 33 19 3 -3 257 263 19 9-17 304 305 19 13 1 0* 37
18 14 1 253 230 18 22-11 56* 56 19 3 -2 172 173 19 9-16 95* 83 19 13 2 126* 12
18 14 2 0* 14 18 22-10 0* 81 19 3 -1 134 128 19 9-15 101* 37 19 13 3 46* 57
IB 14 3 0* 29 IB 22 -9 148 175 19 3 0 118* 116 19 9-14 72* 75 19 15-21 0* 39
18 16-20 0* 39 18 22 -8 0* 65 19 3 1 183 218 19 9-13 0* 57 19 15-20 54* 73
18 16-19 0* 42 18 22 -7 64* 56 19 3 2 164 118 19 9-12 355 3B3 19 15-19 258 256
18 16-18 333 386 18 22 -6 96* 30 19 3 3 136* 119 19 9-11 108* 111 19 15-18 201 223
18 16-17 0» 58 18 22 -5 0* 14 19 3 4 0* 22 19 9-10 280 272 19 15-17 0* 76
18 16-16 0* 20 18 22 -4 0* 4 19 3 5 42* 65 19 9 -9 256 297 19 15-16 0* 89
18 16-15 0* 8 18 22 -3 151 156 19 5-23 39* 11 19 9 -8 113* 136 19 15-15 62* 123
18 16-14 - 103* 145 18 22 -2 0* 25 19 5-22 0* 19 19 9 -7 352 374 19 15-14 41* 123
Reflections flagged with an a s te n s l  were considered unobserved.
B31
Values of 10*Fobs and 10*Fcalc
H K L Fobs Fcalc K v: L Fobs Fcalc H K L
19 15--13 0 i 120 19 21 -2 49* 73 20 4 -8
19 15--12 117* 116 19 23--14 70* 125 20 4 -7
19 15--11 0 * 78 19 23--13 0 * 42 20 4 -6
19 15--10 36* 111 19 23--12 0* 20 20 4 -5
19 15 -9 169 119 19 23--11 0 * 59 20 4 -4
19 15 -8 97* 64 19 23--10 0 * 85 20 4 _3
19 15 -7 122* 102 19 23 -9  • 46* 97 20 4 -2
19 15 -6 0* 100 19 23 -8 129* 48 20 4 -1
19 15 - j 60* 124 19 23 -7 0* 19 20 4 0
19 15 -4 114* 145 19 23 -6 0* 46 20 4 1
19 15 -3 0* 72 19 23 -5 0 * 135 20 4 2
19 15 -2 0* 84 20 0--24 140 196 20 4 3
19 15 -1 210 232 20 o-■22 209 217 20 4 4
19 15 0 228 241 20 0--20 95* 44 20 6--23
19 15 1 0* 69 20 0-■18 128* 149 20 6-■22
19 15 2 48* 17 20 0--16 222 232 20 6--21
19 17--20 0* 81 20 0-■14 158 138 20 6--20
19 17--19 0* 144 20 0--12 136 147 20 6--19
19 17--18 87* 101 20 0-■10 1063 10B8 20 6-■IB
19 17--17 62* 32 20 0 -3 104* 136 20 6-•17
19 17-■16 0 * 73 20 0 -6 189 186 20 6-•16
19 17-•15 0 * 105 20 0 -4 214 203 20 6--15
19 17-■14 0* 44 20 0 -2 80* 157 20 6-•14
19 17--13 119* 11 20 0 0 34* 30 20 6--13
19 17-■12 147 115 20 0 2 211 220 20 6-•12
19 17--11 180 179 20 0 4 167 207 20 6--11
19 17-■10 91* 103 20 2-•24 58* 102 20 6-■10
19 17 -9 116* 106 20 2--23 IB * 133 20 6 -9
19 17 -B 178 185 20 2-■22 147 131 20 6 -B
19 17 -7 0* 97 20 2-■21 229 230 20 6 -7
19 17 -6 0* 14 20 2-■20 61* 55 20 6 -6
19 17 -5 0 * 65 20 2--19 43* 115 20 6 -5
19 17 -4 158 104 20 2- IB 97* 46 20 6 -4
19 17 -3 116* 86 20 2-•17 326 346 20 6 -3
19 17 -2 42* 45 20 2-•16 0 * 32 20 6 -2
19 17 -1 0* 95 20 2-■15 131 113 20 6 -1
19 17 0 135 141 20 2- 14 0* 37 20 6 0
19 17 1 0* 96 20 2-•13 114* 78 20 6 1
19 19-■18 20* 11 20 2- 12 190 121 20 6 2
19 19-•17 0* 29 20 2-•11 549 560 20 6 3
19 19-•16 73* 95 20 2- 10 0* 12 20 8-■23
19 19-•15 62* 83 20 2 -9 564 549 20 8--22
19 19-■14 66* 13 20 2 -8 0 * 109 20 8- 21
19 19-■13 43* 37 20 2 -7 76* 93 20 8--20
19 19-•12 136* 135 20 2 -6 0* IB 20 B-■19
19 19--11 210 198 20 2 -5 0* 117 20 8--18
19 19-■10 189 172 20 2 -4 0 * 21 20 B-■17
19 19 -9 159 168 20 2 -3 305 339 20 8--16
19 19 -8 204 210 20 2 -2 0* 44 20 B-•15
19 19 -7 55* 138 20 2 -1 73* 125 20 8--14
19 19 -6 0 * 51 20 2 0 115* 62 20 8- 13
19 19 “J 0* 10 20 2 1 239 228 20 8-■12
19 19 -4 97* 86 20 2 2 62* 122 20 8- 11
19 19 -3 167 111 20 2 3 157 148 20 8--10
19 19 -2 0 * 11 20 2 4 0* 131 20 8 -9
19 19 -1 0* 10 20 4-•24 0 * 11 20 8 -8
19 21-■17 0 * 67 20 4- 23 0* 17 20 8 -7
19 21-■16 0* 65 20 4-•22 103* 142 20 8 -6
19 21- 15 67* 99 20 4- 21 0 * 77 20 8 -5
19 21-■14 0* 67 20 4-•20 207 222 20 8 -4
19 21- 13 0* 38 20 4- 19 0 * 51 20 8 -3
19 21-•12 0* 31 20 4-■18 294 332 20 8 -2
19 21- 11 121* 42 20 4- 17 0* 83 20 B -1
19 21-■10 156 176 20 4-■16 182 185 20 8 0
19 21 -9 73* 166 20 4- 15 0* 110 20 8 1
19 21 -8 0* 44 20 4--14 71* 20 20 8 i
19 21 -7 0* 41 20 4- 13 233 227 20 9 3
19 21 -6 0 * 36 20 4-■12 318 n^r 20 10--23
19 21 -5 40* 53 20 4- n 0 * 31 20 10-■22
19 21 -4 54* 103 20 4-■10 245 241 20 10-•2*1
1 T 21 -3 73* 47 20 4 -9 !?* 1 20 10-■20
Reflections flaqoed with an aste r isk were considered unobserved.
Fobs Fcalc H K I Fobs Fcalc H K I
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Fobs Fcalc--- ---- - -  - --- ---- - -  -
300 296 20 10-19 168 183 20 16-20 155 208
238 229 20 10-18 0 * 16 20 16-19 0* 24
0* 19 20 10-17 204 191 20 16-18 152 174
112* 113 20 10-16 28* 76 20 16-17 103* 26
224 176 20 10-15 67* 37 20 16-16 192 178
61* 74 20 10-14 56* 57 20 16-15 0* 67
274 326 20 10-13 234 208 20 16-14 225 231
75* 51 20 10-12 133 135 20 16-13 0* 62
239 249 20 10-11 209 .184 20 16-12 0* 99
0* 70 20 10-10 0 * 11 20 16-11 0* 11
124* 143 20 10 -9 174 205 20 16-10 121* 117
108* 37 20 1 0 - 8 132 140 20 16 -9 0* I
0 * 14 20 10 -7 224 233 20 16 -8 113* 88
0* 48 20 10 -6 0* 66 20 16 -7 0* 55
0 * 30 20 10 -5 0* 34 20 16 -6 217 227
149 130 20 10 -4 102* 62 20 16 -5 66* 63
0* 44 20 10 -3 199 192 20 16 -4 164 173
247 263 20 10 -2 84* 29 20 16 -3 74* 30
0 * 95 20 10 - I 184 176 20 16 -2 192 190
107* 142 20 10 0 0* 19 20 16 -1 0* 19
161 194 20 10 1 0* 87 20 16 0 187 214
0* 39 20 10 2 0* 47 20 IB -19 65* 96
214 222 20 10 3 0* 168 20 18-18 0* 23
382 384 20 12-22 0* 74 20 18-17 0* 68
0* 80 20 12-21 0* 1 20 18-16 0* 20
267 279 20 12-20 0* 33 20 18-15 56* 128
0* 28 20 12-19 0* 10 20 18-14 0* 5
257 286 20 12-18 303 329 20 18-13 96* 113
27* 65 20 12-17 0* 12 20 18-12 45* 14
365 372 20 12-16 253 261 20 18-11 174 195
195 229 20 12-15 0* 35 20 18-10 75* 8
0* 46 20 12-14 81* 120 20 IB -9 208 189
154 188 20 12-13 0* 39 20 18 -8 0* 20
116* 133 20 12-12 247 284 20 18 -7 147 126
0* 94 20 12-11 90* 60 20 18 -6 0* 14
269 279 20 12-10 214 190 20 18 -5 64* 127
0 * 62 20 12 -9 0* 76 20 18 -4 106* 15
113* 136 20 12 -8 271 288 20 IB -3 81* 82
0 * 40 20 12 -7 0 * 45 20 18 -2 71* 35
36* 59 20 12 -6 119* 137 20 18 -1 0* 101
107* 11 20 12 -5 0* 20 20 20-17 0* 49
0* 55 20 12 -4 252 275 20 20-16 183 192
96* 31 20 12 -3 0* 16 20 20-15 0 * 81
163 174 20 12 -2 326 315 20 20-14 0* 45
0* 74 20 12 -1 0* 17 20 20-13 80* 71
213 206 20 12 0 0* 42 20 20-12 78* 130
0* 74 20 12 1 21* 6 20 20-11 0* 14
56* 109 20 12 2 94* 75 20 20-10 197 195
152 166 20 14-21 16* 18 20 20 -9 0* 15
230 297 20 14-20 0* 10 20 20 -8 134* 140
48* 59 20 14-19 29B 267 20 20 -7 62* 55
174 182 20 14-18 0* 6 20 20 -6 0* 52
122* 109 20 14-17 264 289 20 20 -5 0* 78
211 241 20 14-16 0* 42 20 20 -4 177 197
80* 136 20 14-15 264 287 20 20 -3 71* 72
179 203 20 14-14 0 * 27 20 22-15 181 174
0 * 70 20 14-13 161 203 20 22-14 69* 46
246 287 20 14-12 0 * 77 20 22-13 0* 96
138 164 20 14-11 36* ' 167 20 22-12 70* 31
0* 126 20 14-10 87* 2 20 22-11 70* 107
0* 30 20 14 -9 126* 175 20 22-10 0 * 10
229 214 20 14 -8 0* 85 20 22 -9 146 114
56* 62 20 14 -7 168 190 20 22 -8 86* 28
168 169 20 14 -6 0* 37 20 22 -7 106* 102
0 * 32 20 14 -5 236 293 20 22 -6 0* 43
0* 56 20 14 -4 0* 34 20 22 -5 162 171
0 * 4 20 14 -3 279 287 21 1-24 90* 150
41* 153 20 14 -2 97* n 21 1-23 140 167
0* 34 20 14 -1 310 272 2 ! 1-22 0 * 126
44* 37 20 14 0 107* 9 21 1-21 0* 31
57* *8 20 14 1 112* 2? 21 1-20 67* 65
B32
Values of !0*Fobs and 10«Fcalc
H K L Fobs Fcalc H K L Fobs
21 1-19 0* 106 21 5 -4 120*
21 1-18 127* 192 21 5 -3 206
21 1-17 202 209 21 5 -2 128*
21 1-16 0 * 121 21 5 -1 0*
21 1-15 123* 57 21 5 0 176
21 1-14 114* 102 21 5 1 164
21 1-13 0* 78 21 5 2 0*
21 1-12 275 231 21 5 3 0 *
21 1-11 578 590 21 7-23 101*
21 1-10 577 604 21 7-22 41*
21 1 -9 256 246 21 7-2^ 0*
21 1 -8 112* B1 21 7-20 0*
21 1 -7 105* 104 21 7-19 152
21 1 -6 0* 45 21 7-18 156
21 1 -5 143 123 21 7-17 107*
21 1 -4 217 199 21 7-16 78*
21 1 -3 142 1B7 21 7-15 293
21 1 -2 55* 123 21 7-14 370
21 1 -1 0* 65 21 7-13 0*
21 1 0 0 * 37 21 7-12 55*
21 1 1 125* 127 21 7-11 191
21 1 2 137 162 21 7-10 138
21 1 3 143 152 21 7 -9 106*
21 3-24 0* 8 21 7 -8 0*
21 3-23 0* 111 21 7 -7 311
21 3-22 166 160 21 7 -6 301
21 3-21 227 214 21 7 -5 0*
21 3-20 0* 17 21 7 -4 86*
21 3-19 134* 148 21 7 -3 59*
21 3-18 291 320 21 7 -2 184
21 3-17 207 199 21 7 -1 148
21 3-16 116* 64 21 7 0 0*
21 3-15 136 126 21 7 1 89*
21 3-14 119* 75 21 7 2 0*
21 3-13 155 180 21 9-23 0*
21 3-12 232 258 21 9-22 0*
21 3-11 0* 37 21 9-21 0*
21 3-10 67* 50 21 9-20 170
21 3 -9 221 246 21 9-19 138
21 3 -B 171 194 21 9-18 0*
21 3 -7 20* 71 21 9-17 0*
21 3 -6 26* 130 21 9-16 0 *
21 3 -5 64* 59 21 9-15 192
21 3 -4 163 200 21 9-14 0*
21 3 -3 268 319 21 9-13 0*
21 3 -2 0 * 157 21 9-12 105*
21 3 -1 0* 13 21 9-11 199
21 3 0 243 226 21 9-10 0 *
21 3 1 0* 149 21 9 -9 41*
21 3 2 136* 121 21 9 -8 68*
21 3 3 64* 8 21 9 -7 0 *
21 5-24 0* 49 21 9 -6 160
21 5-23 102* 56 21 9 -5 42*
21 5-22 62* 145 21 9 -4 42*
21 5-21 158 149 21 9 -3 0*
21 5-20 75* 99 21 9 -2 120*
21 5-19 172 113 21 9 -1 184
21 5-18 176 175 21 9 0 0 *
21 5-17 179 195 21 9 1 0*
21 5-16 141 45 21 9 2 0*
21 5-15 0* 51 21 11-22 0*
21 5-14 358 348 21 11-21 0*
21 5-13 359 380 21 11-20 0*
21 5-12 0* 76 21 11-19 205
21 5-11 81* 37 21 11-18 0*
21 5-10 56* 38 21 11-17 30*
2 ! 5 -9 0* 64 21 11-16 151
21 5 -8 354 373 21 11-15 0 *
21 5 -7 369 373 21 11-14 0*
21 5 -6 0 * 48 21 11-13 136*
2 ! J 0 * 42 21 11-12 256
Reflections flagged with an aster isk were
'ca lc H K L Fobs Fcalc H k L
198 21 11-11 232 258 21 17 -5
200 21 11-10 237 238 21 17 -4
117 21 11 -9 228 241 21 17 -3
101 21 11 -8 79* 151 21 17 -2
153 21 11 -7 0* 58 21 19-18
156 21 11 -6 0* 68 21 19-17
63 21 11 -5 153 184 21 19-16
52 21 11 -4 185 175 21 19-15
12 21 11 -3 119* 127 21 19-14
l i 21 I t  -2 189 20B 21 19-13
25 21 11 - t 44* 39 21 19-12
100 21 11 0 38* 66 21 19-11
192 21 11 1 0* 62 21 19-10
142 21 13-21 99* 43 21 19 -9
85 21 13-20 178 166 21 19 -8
22 21 13-19 76* 100 21 19 -7
297 21 13-18 222 246 21 19 -6
368 21 13-17 118* 173 21 19 -5
27 21 13-16 129* 158 21 19 -4
94 21 13-15 0* 86 21 19 -3
161 21 13-14 119* 29 21 21-16
153 21 13-13 235 269 21 21-15
104 21 13-12 209 234 21 21-14
32 21 13-11 0* 146 21 21-13
373 21 13-10 75* 148 21 21-12
290 21 13 -9 67* 230 21 21-11
28 21 13 -8 218 255 21 21-10
88 21 13 -7 71* 32 21 21 -9
120 21 13 -6 0* 97 21 21 -a
200 21 13 -5 72* 148 21 21 -7
101 21 13 -4 191 185 21 21 -6
22 21 13 -3 217 254 21 21 -5
10 21 13 -2 12* 113 21 23-12
13 21 13 -1 129* 159 21 23-11
80 21 13 0 0* 39 21 23-10
19 21 15-21 77* 123 21 23 -9
34 21 15-20 29* 175 22 0-24
177 21 15-19 181 220 22 0-22
98 21 15-18 0* 128 22 0-20
90 21 15-17 144 134 22 0-18
98 21 15-16 90* 75 22 0-16
29 21 15-15 44* 144 22 0-14
159 21 15-14 202 196 22 0-12
13 21 15-13 66* 63 22 0-10
84 21 15-12 0* 110 22 0 -8
125 21 15-11 0 * 80 22 0 -6
218 21 15-10 0* 79 22 0 -4
229 21 15 -9 158 103 22 0 -2
106 21 15 -8 0* 56 22 0 0
79 21 15 -7 206 179 22 0 2
14 21 15 -6 135* 143 22 2-24
176 21 15 -5 64* 83 22 2-23
IB 21 15 -4 159 142 22 2-22
95 21 15 -3 0* 120 22 2-21
95 21 15 -2 179 223 22 2-20
95 21 15 -1 130* 162 22 2-19
175 21 15 0 98* 139 22 2-18
39 21 17-19 0 * 153 22 2-17
28 21 17-18 112* 76 22 2-16
85 21 17-17 0* 11 22 2-15
66 21 17-16 77* 53 22 2-14
71 21 17-15 0* 135 22 2-13
20 21 17-14 85* 113 22 2-12
209 21 17-13 0* 113 22 2- 1 !
115 21 17-12 0* 76 22 2-10
176 21 17-11 165 98 22 2 -9
170 21 17-10 91* 83 22 2 -8
64 21 17 -9 0* 70 22 2 -7
56 21 17 -8 51 * 119 22 2 -6
146 21 17 -7 0* 124 22 2 -5
238 21 17 -6 51* 124 22 2 -4
considered unobserved.
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Fobs Fcalc H K L Fobs Fcalc--- ---- - -  - --- ----
152 56 22 2 -3 271 309
0* 16 22 2 -2 0* 23
89* 85 22 2 -1 150 142
0 * 140 22 2 0 0* 2
0* 21 22 2 1 174 164
0 * 93 22 2 2 0* 2
87* 71 22 4-24 0* 43
0* 17 22 4-23 0 * 42
0* 44 22 4-22 157 204
0* 139 22 4-21 0 * 15
150 180 22 4-20 135* 109
0* 90 - 22 4-19 0* 16
65* 93 22 4-18 317 351
0* 182 22 4-17 0* 24
0* 159 22 4-16 47* 114
0* 37 22 4-15 0* 64
78* 23 22 4-14 140 140
0* 78 22 4-13 29* 56
138 86 22 4-12 0* 50
0* 26 22 4-1 ! 0* 9
49* 149 22 4-10 0* 40
0* 25 22 4 -9 115* 70
148 74 22 4 -8 0* 130
0* 44 22 4 -7 70* 55
0* 99 22 4 -6 67* 126
0* 102 22 4 -5 60* 21
129* 122 22 4 -4 315 360
89* 113 22 4 -3 100* 6
33* 33 22 4 -2 0* 117
75* B0 22 4 -1 0* 31
0* 18 22 4 0 149 203
0* 129 22 4 1 0* 51
0* 89 22 4 2 0* 34
0* 126 22 6-23 0* 12
0* 119 22 6-22 0* 35
0* 98 22 6-21 66* 53
0* 101 22 6-20 0* 34
21* 149 22 6-19 244 243
169 180 22 6-18 61* 46
254 294 22 6-17 0* 93
193 200 22 6-16 0* 10
295 312 22 6-15 237 223
504 516 22 6-14 0* 110
497 533 22 6-13 42* 46
323 327 22 6-12 130* 188
125* 192 22 6-11 387 360
273 306 22 6-10 202 194
170 180 22 6 -9 0 * 73
96* 146 22 6 -8 67* 90
72* 87 22 6 -7 213 238
61* 10 22 6 -6 0* 4
0* 171 22 6 -5 0* 104
0 * 7 22 6 -4 0* 16
54* 135 22 6 -3 199 245
0* 21 22 6 -2 0* 14
313 309 22 6 -1 0* 47
0* 7 22 6 0 0* 42
1B2 216 22 6 1 0* 13
59* 79 22 8-23 43* 4
252 244 22 8-22 0* 13
157 127 22 8-21 0* 51
160 124 22 8-20 149 158
100* 25 22 8-19 0* 24
294 351 22 8-18 198 176
0* 43 22 8-17 0* 32
231 160 22 8-16 85* 170
0* 129 22 8-15 121* 78
212 230 22 8-14 100* 64
115* 85 22 8-13 0* 150
221 214 22 8-12 291 261
0* 24 22 8-11 0* 5
B33
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K K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc
22 8 -1 0 267 270 22 14 -8 45* 54 23 1-11 504 555 23 7-15 188 101 23 13-12 147* 98
22 B -9 0 * 157 22 14 -7 183 207 23 1-10 0* 25 23 7-14 95* 112 23 13-11 34* 113
22 8 -8 0* 68 22 14 -6 0 * 25 23 1 -9 0 * 15 23 7-13 0* 133 23 13-10 0 * 179
22 8 -7 0* 74 22 14 -5 143* 140 23 1 -8 230 235 23 7-12 219 190 23 13 -9 134* 221
22 8 -6 0* 165 22 14 -4 0 * 55 23 1 -7 199 180 23 7-11 193 185 23 13 -8 89* 85
22 8 -5 0* 23 22 14 -3 215 200 23 1 -6 119* 148 23 7-10 151 117 23 13 -7 0* 117
22 8 -4 188 173 22 14 -2 0* 40 23 1 -5 192 161 23 7 -9 0* 111 23 13 -6 0* 114
22 8 -3 0* 19 22 14 -1 0* 119 23 1 -4 140* 161 23 7 -8 31* 97 23 13 -5 141* 126
22 8 -2 0* 150 22 16-20 116* 203 23 1 -3 0 * 86 23 7 -7 80*. 176 23 13 -4 171 199
22 8 -1 57* 50 22 16-19 0* 6 23 1 -2 0* 12 23 7 -6 116* 120 23 13 -3 125* 152
22 8 0 0* 15 22 16-18 104* 41 23 I -1 49* 99 23 7 -5 68* 66 23 13 -2 0* 150
22 8 1 0 * 5 22 16-17 0* 1 23 1 0 192 180 23 7 -4 89* 167 23 15-20 188 181
22 10-22 0* 10 22 16-16 0* 86 23 1 1 42* 50 23 7 -3 59* 145 23 15-19 0* 59
22 10-21 62* 69 22 16-15 89* 7 23 3-24 42* 76 23 7 -2 99* 32 23 15-18 0* 123
22 10-20 0* 11 22 16-14 173 183 23 3-23 0 * 97 23 7 -1 0 * 63 23 15-17 78* 106
22 10-19 0* 178 22 16-13 0* 23 23 3-22 172 179 23 7 0 68* 27 23 15-16 0* 77
22 10-18 0 * 22 22 16-12 0* 90 23 3-21 84* 90 23 9-23 0 * 78 23 15-15 151 191
22 10-17 244 250 22 16-11 0* 6 23 3-20 112* 99 23 9-22 60* . 44 23 15-14 85* 104
22 10-16 66* 28 22 16-10 0* 82 23 3-1? 223 253 23 9 -2 ! 75* 82 23 15-13 53* 110
22 10-15 0 * 93 22 16 -9 22* 25 23 3-18 215 179 23 9-20 0* 61 23 15-12 0* 55
22 10-14 0* 66 22 16 -8 158 167 23 3-17 71* 119 23 9-19 56* 84 23 15-11 0* 61
22 10-13 243 268 22 16 -7 0* 19 23 3-16 208 239 23 9-18 218 203 23 15-10 71* 114
22 10-12 0* 8 22 16 -6 125* 91 23 3-15 53* 43 23 9-17 0* 71 23 15 -9 86* 93
22 10-11 221 221 22 16 -5 0* 12 23 3-14 43* 58 23 9-16 76* 59 23 15 -8 144* 182
22 10-10 0* 4 22 16 -4 103* 53 23 3-13 286 297 23 9-15 0* 133 23 15 -7 105* 97
22 10 -9 275 289 22 16 -3 0* 1 23 3-12 0* 114 23 9-14 130* 108 23 15 -6 0 * 95
22 10 -8 0* 56 22 16 -2 175 199 23 3-11 0* 67 23 9-13 0* 175 23 15 -5 71* 107
22 10 -7 0* 101 22 18-18 0* 67 23 3-10 292 295 23 9-12 131* 92 23 15 -4 89* 77
22 10 -6 0* 42 22 18-17 0 * 59 23 3 -9 0* 37 23 9-11 0 * 104 23 15 -3 135* 1B1
22 10 -5 267 246 22 18-16 46* 44 23 3 -8 0* 66 23 9-10 193 178 23 17-19 0* 26
22 10 -4 96* 2 22 IB -15 4B* 26 23 3 -7 186 210 23 9 -9 0 * 87 23 17-18 54* 41
22 10 -3 205 180 22 18-14 104* 64 23 3 -6 174 138 23 9 -8 59* 132 23 17-17 121* 107
22 10 -2 0 * 1 22 IB -13 280 297 23 3 -5 150 163 23 9 -7 112* 62 23 17-16 54* 42
22 10 -1 74* 76 22 18-12 121* 74 23 3 -4 221 248 23 9 -6 51* 58 23 17-15 0* 9
22 10 0 0* 14 22 18-11 75* 69 23 3 -3 155 90 23 9 -5 0 * 189 23 17-14 157 218
22 12-22 0* 12 22 18-10 0* 75 23 3 -2 50* 103 23 9 -4 163 103 23 17-13 131* 168
22 12-21 0* 8 22 18 -9 302 301 23 3 -1 150 193 23 9 -3 51* 60 23 17-12 0* 15
22 12-20 86* 126 22 18 -8 0* 80 23 3 0 195 103 23 9 -2 0 * 72 23 17-11 24* 14
22 12-19 0* 3 22 IB -7 0 * 21 23 3 1 0 * 66 23 9 -1 65* 40 23 17-10 235 173
22 12-18 201 234 22 18 -6 0 * 41 23 5-23 51* 96 23 9 0 71* 79 23 17 -9 146* 220
22 12-17 0* 42 22 18 -5 0* 77 23 5-22 0* 40 23 11-22 77* 42 23 17 -8 0* 10
22 12-16 210 202 22 18 -4 0* 56 23 5-21 97* 139 23 11-21 62* 36 23 17 -7 24* 48
22 12-15 44* 27 22 20-16 0* 53 23 5-20 180 177 23 11-20 156 157 23 17 -6 57* 107
22 12-14 293 290 22 20-15 55* 28 23 5-19 179 125 23 11-19 137* 170 23 17 -5 0* 43
22 12-13 0* 41 22 20-14 0* 86 23 5-18 136* 181 23 11-18 0* 110 23 17 -4 0* 29
22 12-12 220 243 22 20-13 57* 41 23 5-17 0* 99 23 11-17 145* 120 23 19-17 0* 66
22 12-11 62* 8 22 20-12 78* 202 23 5-16 0 * 32 23 11-16 0 * 34 23 19-16 0* 1!
22 12-10 185 226 22 20-11 0* 8 23 5-15 181 206 23 11-15 0* 65 23 19-15 0 * 13
22 12 -9 0* 46 22 20-10 187 213 23 5-14 66* 118 23 11-14 0* 192 23 19-14 0 * 95
22 12 -8 316 302 22 20 -9 119* 59 23 5-13 0* 45 23 11-13 137* 175 23 19-13 114* 177
22 12 -7 0* 22 22 20 -8 46* 82 23 5-12 253 274 23 11-12 0* 136 23 19-12 97* 98
22 12 -6 226 198 22 20 -7 0* 28 23 5-11 284 273 23 11-11 139* 108 23 19-11 107* 105
22 12 -5 155 69 22 20 -6 0 * 49 23 5-10 0* 48 23 11-10 212 177 23 19-10 0* 190
22 12 -4 225 242 22 22-13 21* 50 23 5 -9 92* 97 23 11 -9 231 221 23 19 -9 126* 98
22 12 -3 91* 16 22 22-12 31* 51 23 5 -8 207 193 23 11 -8 0 * 84 23 19 -8 46* 26
22 12 -2 64* 140 22 22-11 87* 173 23 5 -7 59* 28 23 11 -7 0 * 31 23 19 -7 0* 11
22 12 -1 0* 25 22 22-10 0* 31 23 5 -6 99* 109 23 11 -6 71 * 112 23 19 -6 0* 66
22 12 0 107* 13 22 22 -9 0* 52 23 5 -5 190 203 23 11 -5 103* 136 23 21-13 66* 57
22 14-21 94* 123 23 1-24 0* 45 23 5 -4 119* 114 23 11 -4 117* 169 23 21-12 0 * 101
22 14-20 0* 61 23 1-23 172 170 23 5 -3 229 177 23 11 -3 0* 151 23 21-11 79* 93
22 14-19 140* 192 23 1-22 80* 96 23 5 -2 0 * 159 23 11 -2 0 * 34 23 21-10 0* 67
22 14-18 0* 65 23 1-21 0* 18 23 5 -1 0 * 50 23 11 -1 0 * 46 24 0-24 143 162
22 14-17 163 136 23 1-20 0* 88 23 5 0 181 B2 23 13-21 98* 130 24 0-22 118* 37
22 14-16 0* 47 23 1-19 187 148 23 7-23 51* 18 23 13-20 131* 157 24 0-20 200 151
22 14-15 171 217 23 1-18 120* 155 23 7-22 27* 70 23 13-19 173 218 24 0-18 0* 213
22 14-14 32* 66 23 1-17 0* 162 23 7-21 64* 46 23 13-18 0* 120 24 0-16 211 209
22 14-13 179 232 23 1-16 182 186 23 7-20 168 133 23 13-17 76* 90 24 0-14 204 206
22 14-12 0 * 18 23 1-15 268 223 23 7-19 99* 154 23 13-16 183 127 24 0-12 1227 1235
22 14-11 50* 54 23 1-14 0 * 17 23 7-18 0* 72 23 13-15 0* 80 24 0-10 155* 218
22 14-10 0* 5 23 1-13 30* 27 23 7-17 0 * 134 23 13-14 202 205 24 0 -3 222 216
22 14 -9 198 203 23 1-12 454 508 23 7-16 50* 175 23 13-13 0 * 183 24 0 -6 180 220
Ref lections flacaed with an aster isk were considered unobserved.
B34
Values of 10*Fobs and lO tFcalc
H K L Fobs Fcalc H K L Fobs
24 0 -4 105* 151 24 6 -3 74*
24 0 -2 60* 45 24 6 -2 0*
24 0 0 49* 167 24 6 -1 108*
24 2-24 0* 19 24 8-23 0 *
24 2-23 177 198 24 8-22 0*
24 2-22 99* 56 24 8-21 47*
24 2-21 0* 14 24 8-20 0*
24 2-20 0* 1 24 8-19 0*
24 2-19 231 252 24 8-18 0 *
24 2-18 66* 40 24 8-17 0*
24 2-17 209 271 24 8-16 218
24 2-16 0* 27 24 8-15 0 *
24 2-15 0* 84 24 8-14 0*
24 2-14 82* 78 24 8-13 61*
24 2-13 385 416 24 8-12 0*
24 2-12 0* 16 24 8-11 0 *
24 2-11 355 392 24 8-10 146*
24 2-10 75* 86 24 8 -9 0*
24 2 -9 0* 80 24 8 -8 217
24 2 -8 0* 22 24 8 -7 149
24 2 -7 223 261 24 8 -6 0 *
24 2 -6 0 * 55 24 8 -5 0*
24 2 -5 264 263 24 8 -4 191
24 2 -4 47* 7 24 8 -3 120*
24 2 -3 0* 15 24 8 -2 0 *
24 2 -2 0* 67 24 3 -1 0 *
24 2 -1 57* 206 24 10-22 0*
24 2 0 0* 24 24 10-21 159
24 4-23 0* 27 24 10-20 74*
24 4-22 205 161 24 10-19 129*
24 4-21 45* 16 24 10-18 0*
24 4-20 87* 117 24 10-17 92*
24 4-19 124* 64 24 10-16 63*
24 4-18 266 233 24 10-15 179
24 4-17 0* 36 24 10-14 0*
24 4-16 184 206 24 10-13 208
24 4-15 44* 30 24 10-12 74*
24 4-14 0* 196 24 10-11 224
24 4-13 64* 11 24 10-10 0*
24 4-12 0* 26 24 10 -9 0 *
24 4-11 87* 29 24 10 -8 0 *
24 4-10 195 193 24 10 -7 56*
24 4 -9 46* 8 24 10 -6 0*
24 4 -8 209 188 24 10 -5 104*
24 4 -7 0 * 16 24 10 -4 81*
24 4 -6 263 255 24 10 -3 0 *
24 4 -5 162 76 24 10 -2 0 *
24 4 -4 0 * 122 24 12-21 0*
24 4 -3 0 * 19 24 12-20 175
24 4 -2 178 183 24 12-19 0*
24 4 -1 83* 15 24 12-18 199
24 6-23 43* 88 24 12-17 0 *
24 6-22 0* 68 24 12-16 0*
24 6-21 99* 169 24 12-15 59*
24 6-20 0* 31 24 12-14 338
24 6-19 47* 44 24 12-13 41*
24 6-18 0* 11 24 12-12 72*
24 6-17 16B 183 24 12-11 0*
24 6-16 26* 53 24 12-10 317
24 6-15 277 336 24 12 -9 59*
24 6-14 48* 31 24 12 -8 0*
24 6-13 0* 60 24 12 -7 0*
24 6-12 0* 18 24 12 -6 159
24 6-11 0 * 56 24 12 -5 62*
24 6-10 0* 1 24 12 -4 184
24 6 -9 336 325 24 12 -3 0 *
24 6 -8 100* 58 24 14-20 0 *
24 6 -7 0* 186 24 14-19 203
24 6 -6 0* 19 24 14-18 0*
24 6 -5 0* 60 24 14-17 0 *
24 6 -4 0* 52 24 14-16 0 *
Reflections f lagged with an asterisk were
: ca lc H K L Fobs Fcalc H K L
170 24 14-15 170 173 25 3-17
73 24 14-14 0* IB 25 3-16
92 24 14-13 0* 175 25 3-15
26 24 14-12 0* 3 25 3-14
98 24 14-11 189 182 25 3-13
38 24 14-10 0* 21 25 3-12
172 24 14 -9 147* 154 25 3-11
15 24 14 -8 0 * 5 25 3-10
52 24 14 -7 114* 115 25 3 -9
47 24 14 -6 80* 38 25 3 -8
219 24 14 -5 158 194 25 3 -7
13 24 14 -4 27* 3 25 3 -6
140 24 16-19 80* 8 25 3 -5
44 24 16-18 140 117 25 3 -4
198 24 16-17 82* 39 25 3 -3
3! 24 16-16 0* 82 25 3 -2
135 24 16-15 132* 48 25 5-23
12 24 16-14 122* 156 25 5-22
208 24 16-13 0 * 35 25 5-21
31 24 16-12 145* 65 25 5-20
54 24 16-11 0* 37 25 5-19
22 24 16-10 0* 153 25 5-18
174 24 16 -9 99* 45 25 5-17
41 24 16 -8 0* 94 25 5-16
92 24 16 -7 0* 13 25 5-15
28 24 16 -6 0 * 107 25 5-14
10 24 16 -5 81* 12 25 5-13
126 24 18-17 0* 81 25 5-12
29 24 18-16 76* 10 25 5-11
170 24 18-15 0* 96 25 5-10
16 24 18-14 0* 8 25 5 -9
53 24 18-13 178 140 25 5 -8
39 24 18-12 0* 1 25 5 -7
131 24 18-11 184 145 25 5 -6
88 24 18-10 0 * 8 25 5 -5
243 24 18 -9 0* 117 25 5 -4
7 24 18 -8 0* 9 25 5 -3
243 24 IB -7 0 * B4 25 5 -2
41 24 20-14 0* 148 25 7-23
138 24 20-13 0* 20 25 7-22
25 24 20-12 93* 84 25 7-21
64 24 20-11 0* 23 25 7-20
16 24 20-10 160 161 25 7-19
180 25 1-23 0* 63 25 7-18
39 25 1-22 0* 27 25 7-17
124 25 1-21 116* 102 25 7-16
I 25 1-20 116* 144 25 7-15
0 25 1-19 0 * 114 25 7-14
220 25 1-18 0* 180 25 7-13
34 25 1-17 147* 186 25 7-12
152 25 1-16 161 136 25 7-11
22 25 1-15 29* 36 25 7-10
21 25 1-14 127* 55 25 7 -9
41 25 1-13 444 502 25 7 -8
345 25 1-12 501 492 25 7 -7
4 25 1-1 0* 55 25 7 -6
169 25 1-10 0 * 63 25 7 “5
12 25 1 -9 0* 146 25 7 -4
352 25 1 -8 141* 197 25 7 -3
4! 25 1 -7 187 187 25 7 -2
21 25 1 -6 42* 119 nrLO 9-22
19 25 1 -5 163 132 25 9-21
174 25 1 -4 166 101 25 9-20
34 25 1 -3 105* 27 25 9-19
224 25 1 -2 0 * 56 25 9 -1 B
28 25 3-23 72* 125 25 9-17
0 25 3-22 53* 56 25 9-16
193 25 3-21 0 * 55 25 9-15
27 25 3-20 147* 168 25 9-14
101 25 3-19 216 201 25 9-13
7 ns 3-18 153* 122 25 9-12
considered unobserved.
Fobs Fcalc H K L
Page 25 
fobs Fcalc--- ---- - -  - --- ----
0* 107 25 9-11 143* 195
0 * 19 25 9-10 49* 84
0* 11 25 9 -9 0* 109
302 327 25 9 -8 69* 83
0 * 26 25 9 -7 0* 10
0* 17 25 9 -6 0* 67
295 312 25 9 -5 0* 111
0* 17 25 9 -4 0* 93
0* 11 25 9 -3 0* 96
107* 122 25 11-21 0* 102
47* 119 25 11-20 159 119
242 205 25 11-19 70* 370
0* 177 25 11-18 0* 162
0* 47 25 11-17 0* 31
52* 57 25 11-16 0 * 57
0* 131 25 11-15 279 268
44* 68 25 11-14 199 179
77* 100 25 11-13 134* 83
140* 108 25 11-12 70* 99
0 * 96 25 11-11 153* 206
127* 134 25 11-10 229 254
123* 44 25 11 -9 64* 66
0 * 21 25 11 -8 0* 28
68* 111 25 11 -7 173 160
0* 89 25 11 -6 O* CD 157
119* 39 25 11 -5 0* 126
218 160 25 11 -4 0 * 106
127* 137 25 13-20 0* 134
0* 64 25 13-19 0* 145
0* 105 25 13-18 0* 77
0* 128 25 13-17 0* 142
30* 18 25 13-16 128* 93
0* 57 25 13-15 164 129
0* 129 25 13-14 188 171
0 * 108 25 13-13 120* 72
0* 105 25 13-12 106* 80
0* 88 25 13-11 210 161
0 * 77 25 13-10 106* 130
0* 55 25 13 -9 82* 87
40* 80 25 13 -8 142* 142
164 150 25 13 -7 0* 79
0* 96 25 13 -6 114* 131
0* 50 25 13 -5 0* 138
0 * 48 25 15-19 39* 67
160 107 25 15-18 0* 89
0* 88 25 15-17 81* 58
23* B5 25 15-16 35* 128
0* 61 25 15-15 180 99
182 167 25 15-14 0* 53
171 181 25 15-13 0* 29
0* 68 25 15-12 125* 22
0* 90 25 15-11 0* 52
150* 96 25 15-10 78* 79
0* 112 25 15 -9 0* 116
24* 35 25 15 -8 112* 71
0* 33 25 15 -7 37* 65
0* 87 25 15 -6 0* 75
126* 138 25 17-17 0* 62
0* 86 25 17-16 0* 76
89* 65 25 17-15 116* 123
0* 90 25 17-14 80* 6 !
167 97 25 17-13 0* 40
54* 122 25 17-12 55* 40
0* 65 25 17-11 0* 56
0* 10 25 17-10 0* 119
0* 100 25 17 -9 0* 77
0* 120 25 17 -8 0* 41
0* 53 25 19-13 0* 60
164 180 25 19-12 0 * 63
123* 131 26 0-22 138*
0* 132 26 0-20 0* 16!
B35
Values of 10*Fobs and 10*Fcalc Page 26
H K L Fobs Fcalc H K L Fobs Fcalc H K L
26 0-18 242 222 26 8-22 0* 111 26 16-10
26 0-16 275 211 26 8-21 0* 36 26 16 -9
26 0-14 194 216 26 8-20 0* 103 27 1-23
26 0-12 176 223 26 8-19 0* 24 27 1-22
26 0-10 281 250 26 B-1B 67* 103 27 1-21
26 0 -8 203 218 26 8-17 0* 47 27 1-20
26 0 -6 117* 161 26 8-16 0* 52 27 1-19
26 0 -4 0* 74 26 8-15 0* 106 27 1-18
26 2-23 0* 78 26 8-14 256 225 27 1-17
26 2-22 54* 14 26 8-13 37* 11 27 1-16
26 2-21 87* 180 26 8-12 243 217 27 1-15
26 2-20 0* 25 26 8-11 0* 101 27 1-14
26 2-19 0* 188 26 8-10 0* 50 27 1-13
26 2-18 0* 73 26 8 -9 0* 39 27 1-12
26 2-17 183 164 26 8 -8 0 * 99 27 1-11
26 2-16 0* 67 26 8 -7 80* 14 27 1-10
26 2-15 0* 176 26 8 -6 0* 107 27 1 -9
26 2-14 0* 12 26 8 -5 0* 19 27 1 -8
26 2-13 118* 133 26 8 -4 116* 105 27 1 -7
26 2-12 91* 11 26 10-21 99* 138 27 1 -6
26 2-11 90* 180 26 10-20 0* 29 27 1 -5
26 2-10 0* 57 26 10-19 0* 152 27 1 -4
26 2 -9 194 177 26 10-18 0* 11 27 3-23
26 2 -8 0* 52 26 10-17 51* 40 27 3-22
26 2 -7 147* 182 26 10-16 0* 14 27 3-21
26 2 -6 0* 40 26 10-15 163* 209 27 3-20
26 2 -5 0* 183 26 10-14 0* 73 27 3-19
26 2 -4 0* 22 26 10-13 178 176 27 3-18
26 2 -3 38* 88 26 10-12 0* 58 27 3-17
26 4-23 0* 6 26 10-11 223 224 27 3-16
26 4-22 133* 122 26 10-10 67* 6 27 3-15
26 4-21 0* 0 26 10 -9 0* 31 27 3-14
26 4-20 255 239 26 10 -8 0* 5 27 3-13
26 4-19 62* 70 26 10 -7 111* 143 27 3-12
26 4-18 0* 91 26 10 -6 0 * 9 27 3-11
26 4-17 0* 29 26 10 -5 131* 140 27 3-10
26 4-16 0* 133 26 12-20 137* 181 27 3 -9
26 4-15 0* 10 26 12-19 0* 15 27 3 -8
26 4-14 48* 110 26 12-18 0* 83 27 3 -7
26 4-13 0* 13 26 12-17 0* 5 27 3 -6
26 4-12 74* 85 26 12-16 0* 143 27 3 -5
26 4-11 0* 6 26 12-15 0* 12 27 3 -4
26 4-10 36* 140 26 12-14 147* 187 27 5-22
26 4 -9 0* 38 26 12-13 44* 14 27 5-21
26 4 -8 0* 93 26 12-12 267 206 27 5-20
26 4 -7 0* 71 26 12-11 0* 13 27 5-19
26 4 -6 206 236 26 12-10 131* 156 27 5-18
26 4 -5 0* 1 26 12 -9 134* 5 27 5-17
26 4 -4 0* 129 26 12 -8 0 * 86 27 5-16
26 4 -3 0* 3 26 12 -7 0* 28 27 5-15
26 6-23 59* 78 26 12 -6 160 170 27 5-14
26 6-22 73* 9 26 14-19 152 99 27 5-13
26 6-21 171 175 26 14-18 0* 6 27 5-12
26 6-20 83* 1 26 14-17 122* 180 27 5-11
26 6-19 0* 78 26 14-16 115* 7 27 5-10
26 6-18 0* 22 26 14-15 76* 146 27 5 -9
26 6-17 189 176 26 14-14 84* 14 27 5 -8
26 6-16 0* 9 26 14-13 45* 91 27 5 - 7
26 6-15 46* 66 26 14-12 0* 7 27 5 -6
26 6-14 138* 116 26 14-11 153* 146 27 5 -5
26 6-13 269 293 26 14-10 100* 11 27 7-22
26 6-12 67* 126 26 14 -9 176 178 27 7-21
26 6-11 56* 48 26 14 -8 0* 28 27 7-20
26 6-10 0* 29 26 14 -7 63* 90 27 7-19
26 6 -9 188 182 26 16-17 0* 25 27 7-18
26 6 -8 76* 0 26 16-16 129* 176 27 7-17
26 6 -7 0* 84 26 16-15 0* 4 27 7-16
26 6 -6 0* 13 26 16-14 0* 66 27 7-15
26 6 -5 77* 175 26 16-13 56* 1 27 7-14
26 6 -4 0* 15 26 16-12 49* 69 27 7-13
26 6 -3 0* 79 26 16-11 76* 5 27 7-12
Reflections flaooed with an asterisk were considered unobserved
Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc
169 162 27 7-11 0* 11 28 2-17 0 20
53* 13 27 7-10 0* 203 28 2-16 0 31
0* 21 27 7 -9 158* 161 28 2-15 225 307
0* 87 27 7 -8 45* 21 28 2-14 0 1
0* 125 27 7 -7 62* 33 28 2-13 294 312
0* 129 27 7 -6 0* 69 28 2-12 141 36
78* 99 27 7 -5 0* 149 28 2-11 0 19
135* 79 27 9-21 0* 128 28 2-10 0 9
0* 55 27 9-20 109* 21 28 2 -9 0 101
130* 59 27 9-19 0* 32 28 2 -8 0 21
0* 83 27 9-18 163 55 28 2 -7 173 214
264 326 27 9-17 131* 18 28 2 -6 0 11
301 336 27 9-16 0* 70 28 4-22 58 151
81* 71 27 9-15 0* 117 28 4-21 0 12
97* 60 27 9-14 96* 157 28 4-20 62 130
80* 60 27 9-13 46* 132 28 4-19 0 19
0* 78 27 9-12 138* 117 2B 4 -1 B 0 28
87* 80 27 9-11 130* 71 28 4-17 12B 41
0* 127 27 9-10 0* 11 28 4-16 184 176
37* 139 27 8 -9 68* 67 28 4-15 0 53
76* 93 27 9 -8 34* 17 28 4-14 103 58
0* 14 27 9 -7 0* 9 28 4-13 0 58
80* 51 27 9 -6 62* 149 28 4-12 157 171
0* 47 27 11-20 165 142 28 4-11 0 50
171 159 27 11-19 0* 80 28 4-10 0 26
130* 177 27 11-18 0* 79 28 4 -9 53 30
87* 97 27 11-17 77* 39 28 4 -8 0 128
0* 80 27 11-16 0* 133 28 4 -7 112 4
0* 94 27 11-15 26* 138 28 4 -6 108 155
158* 81 27 11-14 59* 144 28 6-22 0 34
0* 221 27 11-13 0* 154 28 6-21 0 52
137* 28 27 11-12 129* 131 28 6-20 0 3
0* 57 27 11-11 141* 132 28 6-19 0 21
200 228 27 11-10 0* •53 28 6-18 0 34
96* 78 27 11 -9 88* 78 28 6-17 14B 164
159* 85 27 11 -8 155 81 28 6-16 166 88
111* 65 27 11 -7 0 * 160 28 6-15 106 75
0* 101 27 13-19 0* 60 28 6-14 0 1
82* 1B0 27 13-18 0* 98 28 6-13 71 85
107* 166 27 13-17 0* 51 28 6-12 0 B5
0* 52 .2 7 13-16 0* 106 28 6-11 135 171
153 68 27 13-15 85* 171 28 6-10 0 24
0* 102 27 13-14 0* 110 28 6 -9 0 24
0* 109 27 13-13 141* 104 28 6 -8 0 18
0* 77 27 13-12 157* 169 26 6 -7 0 49
0* 128 27 13-11 78* 113 28 6 -6 0 26
0* 95 27 13-10 0* 36 28 8-21 55 7
0* 159 27 13 -9 0* 90 28 8-20 92 48
262 234 27 13 -8 22* 90 28 8-19 0 18
0* 19 27 15-17 0* 131 28 8-18 167 193
0* 23 27 15-16 0* 96 28 8-17 117 31
0* 28 27 15-15 0* 55 28 8-16 0 86
107* 27 27 15-14 70* 82 28 8-15 0 94
169* 232 27 15-13 129* 95 28 8-14 l i e 142
46* 152 27 15-12 128* 60 28 8-13 0 92
109* 91 27 15-11 0* 79 28 8-12 0 100
133* 138 27 15-10 0* 128 2B 8-11 0 32
72* 91 28 0-22 147* 119 28 8-10 94 196
0* 97 28 0-20 65* 157 28 8 -9 0 16
23* 110 28 0-18 177 164 28 8 -8 25 58
83* 13B 28 0-16 0* 16 28 8 -7 0 13
25* 61 23 0-14 650 757 28 10-20 0 15
0* 45 28 0-12 176 31 28 10-19 0 43
79* 14 28 0-10 54* 154 28 10-18 78 13
0* 150 28 0 -8 177 161 28 10-17 173 173
232 198 28 0 -6 0* 120 28 10-16 75 48
0* 19 28 2-22 0* 27 2B 10-15 0 136
51* 83 28 2-21 134* 211 28 10-14 104 3
0* 116 28 2-20 0* 12 2B 10-13 0 145
197 129 28 2-19 0* 106 28 10-12 0 40
0* 71 28 2-18 0* 7 28 10-11 179 184
B36
Values of 10*Fobs and !0<Fcalc Pace 2.
H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc
28 10-10 . 0* 7 29 7-15 0* 140 30 8-17 0* 7
28 10 -9 25* 43 29 7-14 175 137 30 B-16 0* 135
28 10 -8 0* 29 29 7-13 0* 71 30 8-15 0* 3
28 12-19 0* 19 29 7-12 82* 14 30 8-14 71* 127
28 12-18 0* 75 29 7-11 0* 158 30 8-13 84* 32
28 12-17 0* 4 29 7-10 58* 64 30 8-12 73* 58
28 12-16 167 202 29 7 -9 0* 9 30 8-11 77* 7
28 12-15 0* 14 29 7 -8 53* 87 30 10-17 56* 123
28 12-14 127* 111 29 9-20 72* 16 30 10-16 0* 48
28 12-13 0* 3 29 9-19 0* 54 30 10-15 85* 140
28 12-12 162 205 29 9-18 188 18 30 10-14 0* 52
28 12-11 122* 8 29 9-17 0* 115 30 10-13 0* 123
28 12-10 49* 78 29 9-16 0* 115 31 1-20 0* 106
28 12 -9 0* 10 29 9-15 90* 66 31 1-19 0* 59
28 14-16 0* 44 29 9-14 0* 64 31 1-18 71* 14
28 14-15 0* B7 29 9-13 0* 118 31 1-17 62* 88
28 14-14 0* IB 29 9-12 0* 139 31 1-16 115* 260
28 14-13 0* 79 29 9-11 0* 10 31 1-15 221 265
28 14-12 0* vnOi 29 9-10 0* 44 31 1-14 0* 87
29 1-22 0* 91 29 9 -9 o* 14 31 1-13 149* 17
29 1-21 118* 126 29 11-18 0* 136 31 1-12 0* 66
29 1-20 0* 86 29 11-17 0* 121 3! 1-11 14* 105
29 1-19 90* 131 29 11-16 136* 62 31 3-19 100* 28
29 1-18 123* 85 29 11-15 26* 78 31 3-18 0* 55
29 1-17 44* 38 29 11-14 0* 100 31 3-17 182 77
29 1-16 31* 68 29 11-13 58* 84 31 3-16 0* 95
29 1-15 286 319 29 11-12 101* 123 31 3-15 0* 75
29 1-14 231 315 29 11-11 0* 139 31 3-14 15* 69
29 1-13 0* 91 30 0-20 59* 129 31 3-13 0* 68
29 1-12 0* 16 30 0-18 0* 12 31 3-12 0* 23
29 1-11 83* 87 30 0-16 239 268 31 5-18 0* 70
29 1-10 71* 119 30 0-14 222 277 31 5-17 0* 22
29 1 -9 103* 99 30 0-12 0* 21 31 5-16 0* 39
29 1 -8 0 * 128 30 0-10 75* 123 31 5-15 0* 50
29 1 -7 0* 78 30 2-21 83* 136 31 5-14 0* 21
29 3-22 104* 133 30 2-20 0* 14 31 5-13 0* 62
29 3-21 0* 98 30 2-19 106* 115 31 7-17 82* 27
29 3-20 47* 109 30 2-18 123* 9 31 7-16 147* 117
29 3-19 0* 58 30 2-17 0* 28 31 7-15 0* 92
29 3 -1 B 167* 34 30 2-16 . 0* J 31 7-14 0* 18
29 3-17 0* 40 30 2-15 243 273 32 0-16 283 381
29 3-16 0* 89 30 2-14 0* 33
29 3-15 0* 118 30 2-13 0* 37
29 3-14 152* 140 30 2-12 28* 6
29 3-13 40* 96 30 2-11 37* 114
29 3-12 0* 29 30 2-10 0* 7
29 3-11 0* 36 30 2 -9 56* 137
29 3-10 0* 75 30 4-20 0* 134
29 3 -9 109* 90 30 4-19 0* 21
29 3 -8 0* 95 30 4-18 83* 115
29 3 -7 123* 142 30 4-17 84* 28
29 5-21 84* 72 30 4-16 0* 54
29 5-20 0* 89 30 4-15 130* 21
29 5-19 60* 58 30 4-14 191 57
29 5-18 148* 29 30 4-13 0* 22
29 5-17 62* 115 30 4-12 0* 102
29 5-16 38* 56 30 4-11 0* 22
29 5-15 56* 89 30 4-10 0* 146
29 5-14 0* 87 30 6-20 0* 26
29 5-13 0* 48 30 6-19 0* 194
29 5-12 0* n o 30 6-18 0* 7
29 5-11 113* 27 30 6-17 0* 25
29 5-10 0* 59 30 6-16 0* 0
29 5 -9 0* 98 30 6-15 179 154
29 5 -8 0* 66 30 6-14 0* 2
29 7-21 32* 62 30 6-13 40* 24
29 7-20 106* 14 30 6-12 60* 7
29 7-19 81* 80 30 6-1 ! 58* 186
29 7-13 168* 165 30 6-10 0* 43
29 7-17 98* 10 30 8-19 0* 1
29 7-16 0* 63 30 8-18 0* 52
Ref lect ions flaoped with an asterisk were considered unobserved.
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Contents Page No
Positional Parameters C2
Bond Distances (non-hydrogen) C9
Bond Distances (hydrogen) CIO
Bond Angles (non-hydrogen) Cll
Bond Angles (hydrogen) C13
Least-squares planes C14
FoFc (Observed) C16
FoFc (Unobserved) C42
Cl
Atoa X y 7 B .c
NI 0.71233(3) 0.34212(3) 0.27699(3) 2.29(1)
01 0.1465(3) 0.6051(3) 0.4115(3) 7.0(1)
02 0.4649(3) -0.1793(2) 0.2752(2) 6.5(1!
03 1.2162(2) 0.0769(3) 0.3880(2) 6.2(1)
04 1.0533(3) 0.8673(2! 0.0440(2) 7.4(1)
NI 0.6763(2) 0.4649(2) 0.2606(2) 2.95(8)
N2 0.5831(25 0.3024(2) 0.3001(2) 2.84(8)
N3 0.7492(2) 0.2200(2) 0.2920(2) 2.47(7)
N4 0.8420(2) 0.3810(2) 0.2560(2) 2.53(7)
Cl 0.7359(3) 0.5409(3) 0.2235(3) 3.2(1)
C2 0.6807(3) 0.6192(3) 0.2199(3) 4.5(1)
C3 0.5882(3! 0.5920(3) 0.2594(3) 4.6(1)
C4 0.5846(3) 0.4957(3) 0.2825(3) 3.4(1)
C5 0.5012(3) 0.4426(3) 0.3146(3) 3.4(1)
C6 0.5013(3) 0.3515(3) 0.3195(3) 3.4(1)
C7 0.4180(3) 0.2977(3) 0.3344(3) 4.9(1)
CB 0.4476(3) 0.2178(3) 0.3206(3) 5.1(1)
C9 0.5499(3) 0.2195(3) 0.3009(3) 3.4(1)
CIO 0.6059(3) 0.1467(3) 0.2911(2) 3.0(1)
Cll 0.6987(3) 0.1464(3) 0.2926(2) 2.74(9)
C12 0.7506(3) 0.0669(3) 0.3055(3) 3.7(1)
C13 0.8301(3) 0.0904(3) 0.3164(3) 3.7(1)
C14 0.8313(3) 0.1858(3) 0.3060(2) 2.74(9)
C15 0.9071(3) 0.2366(3) 0.3026(2) 2.77(9)
C16 0.9129(3) 0.3299(3) 0.2743(2) 2.74(9)
Table C. 1 Fractional atomic coordinates with e.s.d. in parentheses 
and B«q thermal parameters (A2). The B«<, values are calculated 
according to the equation B.c,=A/3EiE jBijai.aj.
G2
Atom X y
-
C17 0.9987(3) 0.3835(3! 0.2516(3) 3.7(1)
C1B 0.9812(3) 0.4662(3) 0.2172(3) 3.7(1)
C19 0.8830(3) 0.4659(3) 0.2209(2) 2.75(9)
C20 0.8355(3) 0.5425(3) 0.2004(2) 2.85(9)
C21 0.4061(3) 0.4860(3) 0.3395(3) 3.6(1)
C22 0.3545(3) 0.4721(3) 0.4182(3) 3.9(1)
C23 0.2665(3) 0.5118(3) 0.4451(3) 4.1(1)
C24 0.2135(4) 0.4978(4) 0.5335(3) 5.6(2)
C25 0.2669(6) 0.4398(6) 0.5809(4) 9.1(3)
C26 0.1126(5) 0.4528(5) 0.5574(5) 8.9(2)
C27 0.2039(6) 0.5885(5) 0.5551(4) 8.4(2)
C28 0.2338(3) 0.5643(3) 0.3880(3) 4.2(1)
C29 0.2838(3) 0.5803(3) 0.3077(3) 4.1(1)
C30 0.2467(4) 0.6402(4) 0.2473(3) 5.2(1)
C31 0.3163(6) 0.6491(6) 0.1647(4) 8.9(2)
C32 0.2370(5) 0.7362(5) 0.2576(4) 7.1(2)
C33 0.1515(5) 0.6048(5) 0.2509(4) 8.5(2)
C34 0.3704(3) 0.5383(3) 0.2854(3) 3.7(1)
C35 0.5646(3) 0.0607(3) 0.2880(2) 3.3(1)
C36 0.5847(3) 0.0410(3) 0.2164(3) 3.6(1)
C37 0.5522(3) -0.0393(3) 0.2109(3) 3.7(1)
C38 0.5754(4) -0.0607(3) 0.1312(3) 4.8(1)
C39 0.4329(5) -0.0740(4) 0.1142(3) 6.4(2)
C40 0.6376(6) 0.0151(5) 0.0640(3) 7.1(2)
C41 0.6326(5) -0.1471(4) 0.1282(4) 6.8(2)
Table C.1 /cont
C3
fltoi X y i B .d
C42 0.4991(4) -0.0991(3) 0.2800(3) 4.4(1)
C43 0.4786(4! -0.0824(3) 0.3543(3) 4.8(1)
C44 0.4231(5! -0.1512(4) 0.4320(3) 6.5(2)
C45 0.3206(6) -0.1696(5) 0.4373(5) 9.1(2)
C46 0.4178(7) -0.1192(5) 0.5008(4) 10.7(2)
C47 0.4754(7) -0.2371(5) 0.4388(4) 9.9(2)
C 48 0.5130(4) -0.0009(3) 0.3549(3) 4.3(1)
C49 0.9886(3) 0.1933(3) 0.3244(2) 3.1(1)
C50 0.9975(3) 0.1959(3) 0.3943(3) 3.4(1)
C51 1.0727(3) 0.1585(3) 0.4173(31 3.6(1)
C52 1.0790(4) 0.1641(4) 0.4962(3) 4.4(1)
C53 1.1727(5) 0.2139(5) 0.4821(4) 7.0(2)
C54 0.9983(4) 0.2161(5) 0.5387(3) 6.3(2)
CSS 1.0707(5) 0.0702(5) 0.5510(3) 7.2(2)
C56 1.1413(3) 0.1166(3) 0.3661(3) 3.9(1)
C57 1.1373(3) 0.1139(3) 0.2925(3) 3.8(1)
C58 1.2142(3) 0.0698(4) 0.2358(3) 5.1(1)
C59 1.1968(5) 0.0821(4) 0.1598(4) 6.6(2)
C60 1.2124(5) -0.0318(4) 0.2712(4) 7.3(2)
C61 1.3146(4) 0.1110(5) 0.2174(4) 8.0(2)
C62 1.0591(3) 0.1524(3) 0.2736(3) 3.5(1)
C63 0.8927(3) 0.6292(31 0.1585(2) 3.1(1)
C64 0.9586(4) 0.6383(3) 0.0850(3) 3.9(1)
C65 1.0151(4) 0.7176(3) 0.0438(3) 4.6(1)
C66 1.0869(5) 0.7269(4) -0.0394(3) 7.5(2)
Table C.1 /cant
C4
fitoa X y 2 B .c
C67 1.0922(7) 0.6390(5) -0.0630(4) 9.5(2)
C68 1.0555(9) 0.7962(6) -0.0970(4) 13.4(4)
C69 1.1841(7) 0.7558(7) -0.0495(6) 15.2(3)
C70 1.0003(4) 0.7867(3) 0.0819(3) 4.5(1)
C71 0.9350(3) 0.7800(3) 0.1565(3) 3.5(1)
C72 0.9205(4) 0.8568(3) 0.1977(3) 4.5(1)
C73 1.0128(5) 0.8755(4) 0.2105(4) 7.4(2)
C74 0.8885(5) 0.9402(4) 0.1498(4) 7.0(2)
C75 0.8431(5) 0.8324(3) 0.2778(3) 6.0(2)
C76 0.8827(3) 0.6989(3) 0.1939(2) 3.2(1)
H2 0.7048 0.6B14 0.1915 t
H3 0.5325 0.6308 0.2730
H7 0.3514 0.3158 0.3500
H8 0.4073 0.1678 0.3232
H12 0.7331 0.0069 0.3046
H13 0.8780 0.0516 0.3301
H17 1.0578 0.3620 0.2629
HIS 1.0287 0.5185 0.1923
H22 0.3829 0.4368 0.4554
H27A 0.1718 0.5807 0.6107
H27B 0.1635 0.6285 0.5266
H27C 0.2686 0.6165 0.5401
H26A 0.0834 0.4442 0.6133
H26B 0.0789 0.4911 0.5294
H26C 0.1231 0.3954 0.5445
t Isotropic temperature factors for h y d r o g e n  atoms fixed at 5,0
Table C.1 /cont
C5
Atofi X y z
H25A 0.2332 0.4347 0.6353
H25B 0.2774 0.3837 0.5684
H25C 0.3307 0.4718 0.5660
H31A 0.2933 0.6899 0.12B4
H31B 0.3789 0.6788 0.1618
H31C 0.3314 0.5933 0.1538
H32A 0.2167 0.7726 0.2160
H32B 0.1937 0.7348 0.3072
H32C 0.3015 0.7590 0.2502
H33A 0.1331 0.6432 0.2096
H33B 0.1616 0.5441 0.2408
H33C 0.1062 0.6011 0.3007
H34 0.4084 0.5474 0.2296
H36 0.6224 0.0843 0.1703
H39A 0.5097 -0.0835 0.0659
H39B 0.4531 -0.1203 0.1567
H39C 0.4584 -0.0160 0.1171
H40A 0.6503 -0.0045 0.0173
H40B 0.6013 0.0670 0.0646
H40C 0.6965 0.0222 0.0736
H41A 0.6500 -0.1562 0.0777
H41B 0.6933 -0.1369 0.1385
H41C 0.5962 -0.1956 0.1686
H45A 0.2848 -0.2094 0.4838
H45B 0.2891 -0.1098 0.4322
Table C.1 /cont
C6
fitoffl X y 7
H45C 0.3223 -0.1B97 0.3913
H46A 0.3868 -0.1636 0.5483
H46B 0.4865 -0.1100 0.49B0
H46C 0.3887 -0.0633 0.4989
H47A 0.4416 -0.2765 0.4866
H47B 0.4797 -0.2582 0.3942
H47C 0.5395 -0.2200 0.4360
H48 0.5018 0.0132 0.405B
H50 0.9486 0.2268 0.4281
H53A 1.1754 0.2173 0.5319
H53B 1.2272 0.1814 0.4566
H53C 1.1757 0.2740 0.4490
H54A 1.0056 0.2171 0.5868
H54B 1.0005 0.2756 0.5060
H54C 0.9372 0.1850 0.5489
H55A 1.0737 0.0752 0.5986
H55C 1.1213 0.0352 0.5250
H59A 1.2481 0.0526 0.1260
H59B 1.1358 0.0534 0.1704
H59C 1.1990 0.1445 0.1356
H60A 1.2598 -0.0589 0.2360
H60B 1.2245 -0.0407 0.3204
H60C 1.1483 -0.0563 0.2826
H61A 1.3645 0.0864 0.1784
Table C.1 /cont
C7
fitoa X y 2
H61B 1.3161 0.1779 0.1910
H61C 1.3316 0.1060 0.2621
H62 1.0514 0.1519 0.2245
H64 0.9654 0.5890 0.0597
H67A 1.1387 0.6506 -0.1166
H67B 1.1101 0.5946 -0.0282
H67C 1.0288 0.6281 -0.0643
HiBA 1.102B 0.8017 -0.1476
H68B 0.9941 0.7764 -0.0935
H68C 1.0518 0.8522 -0.0814
H69A 1.2367 0.7490 -0.0932
H69B 1.1942 0.7973 -0.0243
H69C 1.2069 0.6922 -0.0051
H73A 1.0018 0.9255 0.2370
H73B 1.0278 0.8235 0.2432
H73C 1.0639 0.8948 0.1609
H74A 0.8792 0.9B8B 0.1759
H74B 0.9378 0.9600 0.0981
H74C 0.8285 0.9273 0.1436
H75A 0.8335 0.8828 0.3012
H75B 0.7806 0.8205 0.2710
H75C 0.8585 0.7804 0.3090
H76 0.8385 0.6905 0.2483
Table C. 1 /cont
C8
Atoal Atoa2 Distance
NI NI 1.919(31
NI N2 1.905(31
NI N3 1.912(21
NI N4 1.916 (3 )
01 C28 1 .391 (4 )
02 C42 1 .398 (4)
03 C56 1 .379 (4 )
04 C70 1.386 (4 )
NI Cl 1 .375 (4 )
NI C4 1 .376 (4)
N2 C6 1 .386 (4 )
N2 C9 1.385 (4 )
N3 C ll 1 .383 (4 )
N3 C14 1 .385 (4)
N4 C16 1 .370 (4)
N4 C19 1.36B(4)
Cl C2 1 .425 (5 )
Cl C4 2 .18 5 (5 )
Cl C20 1.386 (5 )
C2 C3 1.340 (5 )
C3 C4 1 .434 (5 )
C4 C5 1.374 (5 )
C5 C6 1 .383 (5 )
C5 C21 1.505 (4 )
C6 C7 1.424 (5 )
C 6 C9 2 .196 (5 )
C7 CO 1.343 (6 )
C8 C9 1.430 (5 )
C9 CIO 1 .375 (5)
CIO C ll 1 .384 (5)
CIO C35 1 .507 (4)
C ll C12 1.428(5)
C ll C14 2 .1 9 7 (5 )
C12 C13 1 .344 (5)
Atoal Atoa2 D istance
===== = =======
C13 C14 1 .433 (4 )
C14 C15 1 .373 (4 )
C15 C16 1 .39 6 (4 )
C15 C49 1 .483 (4 )
C16 C17 1 .422 (5 )
C16 C19 2 .1 7 9 (4 )
C17 CIS 1 .333 (5 )
C18 C19 1 .4 34 (5 )
C19 C20 1 .385 (5 )
C20 C63 1 .494 (4 )
C21 C22 1 .376 (5 )
C21 C34 1 .372 (5 )
C22 C23 1 .39 9 (5 )
C23 C24 1 .5 37 (6 )
C23 C28 1 .388 (6 )
C24 C25 1 .497 (8 )
C24 C26 1 .546 (7 )
C24 C27 1 .538 (7 )
C28 C29 1 .3 9 4 (5 )
C29 C30 1 .518 (6 )
C29 C34 1 .38 8 (5 )
C30 C31 1 .5 1 5 (8 )
C30 C32 1 .533 (7 )
C30 C33 1 .509 (7 )
C35 C36 1 .385 (5 )
C35 C48 1 .366 (5 )
C36 C37 1 .388 (5 )
C37 C3B 1.535 (5 )
C37 C42 1.39 1 (5 )
C38 C39 1 .54 6 (6 )
C38 C40 1.536 (7 )
C38 C41 1 .545 (6 )
C42 C43 1 .398 (6 )
C43 C44 1 .550 (6 )
Atoal Atoa2 D istance
===== ===== ========
C43 C48 1 .380 (5 )
C44 C45 1 .52 3 (8 )
C44 C46 1 .47 5 (8 )
C44 C47 1 .50 1 (9 )
C49 C50 1 .378 (5 )
C49 C62 1 .3 9 7 (5 )
C50 C51 1 .38 2 (5 )
C51 C52 1 .5 4 4 (5 )
C51 C56 1 .39 6 (5 )
C52 C53 1 .52 6 (6 )
C52 C54 1 .51 2 (6 )
C52 C55 1 .5 3 0 (6 )
C56 C57 1 .4 18 (5 )
C57 C58 1 .5 3 3 (5 )
C57 C62 1 .39 3 (5 )
C58 C59 1 .5 0 6 (7 )
C58 C60 1 .53 5 (7 )
C5B C61 1 .5 3 5 (6 )
C63 C64 1 .3 6 6 (5 )
C63 C76 1 .3 7 7 (5 )
C64 C65 1 .4 0 1 (5 )
C65 C66 1 .5 3 4 (6 )
C65 C70 1 .396 (5 )
C66 C67 1 .51 8 (7 )
C66 C68 1 .49 9 (1 0 )
C66 C69 1 .462 (10 )
C70 C71 1 .3 8 4 (5 )
C71 C72 1 .5 3 9 (5 )
C71 C76 1 .3 8 8 (5 )
C72 C73 1 .5 2 1 (6 )
C72 C74 1 .5 2 9 (6 )
C72 C75 1 .5 1 2 (6 )
lim bers in  parentheses are e s tisa ted  standard d e v ia tio n s  in  the le a s t s ig n if ic a n t  d ig i ts .
Table C. 2 Bond distances Involving non-hydrogen atons (Jl)
C9
A to il Atoa2 Distance A to il f lto .2 Distance A to il A to i2 Distance
C2 H2 0.9B 7I0 ) C39 H39A 0 .9 0 2 (0 ) C59 H59A 0 .9 8 4 (0 )
C3 H3 0 .99 4 (0 ) C39 H39B 0 .9 1 8 (0 ) C59 H59B 0.957(01
C7 H7 0 .9 7 6 (0 ) C39 H39C 0 .9 5 5 (0 ) C59 H59C 0 .9 5 2 (0 )
CB HB 0 .976 (0 ) C40 H40A 0 .9 5 5 (0 ) C60 H60A 0 .947 (0 )
C12 H12 0 .9 7 5 (0 ) C40 H40B 0 .9 44 (0 ) C60 H60B 0 .979 (0 )
C13 H13 0 .96 8 (0 ) C40 H40C 0 .9 6 7 (0 ) C60 H600 0 .9 7 1 (0 )
C17 H17 0 .9 9 6 (0 ) C41 H41A 0 .9 4 0 (0 ) C61 H61A 0 .9 8 3 (0 )
CiB H18 0 .999 (0 ) C41 H41B 1.012 (0 ) C61 H61B 1.021 (0 )
C22 H22 0.97810) C41 H41C 0 .9 4 6 (0 ) C61 H610 0 .946 (0 )
C25 H25A 0.95 6 (0 ) C45 H45A 0 .9 2 8 (0 ) C62 H62 0 .9 7 0 (0 )
C25 H25B 0 .9 4 3 (0 ) C45 H45B 1 .010 (0 ) C64 H64 0.97610)
C25 H25C 1.003 (0) C45 H45C 0 .9 8 1 (0 ) C67 H67A 0 .9 8 2 (0 )
C26 H26A 0 .965 (0 ) C46 H46A 0 .9 5 7 (0 ) C67 H67B 0 .9 1 7 (0 )
C26 H26B 0 .9 3 4 (0 ) C46 H46B 1.016 (0 ) C67 H67C 0 .9 7 1 (0 )
C26 H26C 0 .965 (0 ) C46 H46C 0 .9 4 2 (0 ) C6B H68A 0 .9 5 4 (0 )
C27 H27A 0 .9 6 5 (0 ) C47 H47A 0 .9 3 3 (0 ) C68 H68B 0 .9 4 8 (0 )
C27 H27B 0 .969 (0 ) C47 H47B 0 .9 5 4 (0 ) 068 H680 0 .9 7 2 (0 )
C27 H27C 0 .9 8 8 (0 ) C47 H47C 0 .9 7 8 (0 ) C69 H69A 0 .9 4 2 (0 )
C31 H31A 0 .94 9 (0 ) C48 H48 0 .9 9 4 (0 ) 069 H69B 0 .9 3 1 (0 )
C31 H31B 1 .034 (0 ) C50 H50 0 .9 8 0 (0 ) 073 H73A 0.99810)
C31 H31C 0 .930 (0 ) C53 H53A 0 .9 6 8 (0 ) 073 H73B 0 . 94B(0)
C32 H32A 0 .9 7 0 (0 ) C53 H53B 0 .9 7 4 (0 ) 073 H73C 0 .9 6 1 (0 )
C32 H32B 0 .928 (0 ) C53 H53C 0 .9 7 0 (0 ) 074 H74A 0 .9 7 7 (0 )
C32 H32C 0 .9 8 6 (0 ) C54 H54A 0 .9 5 3 (0 ) 074 H74B 0 .9 7 5 (0 )
C33 H33A 0 .9 6 2 (0 ) C54 H54B 0 .961 (0 ) 074 H74C 0 .9 7 1 (0 )
C33 H33B 0 .9 9 4 (0 ) C54 H54C 0 .9 7 9 (0 ) 075 H75A 0 .9 6 8 (0 )
C33 H33C 0.93 5 (0 ) C55 H55A 0 .9 3 5 (0 ) 075 H75B 1 .0 0 7 (0 )
C34 H34 0 .98 2 (0 ) C55 H55B 0 .9 8 7 (0 ) 075 H75C 0 .9 3 7 (0 )
C36 H36 0 .95 7 (0 ) C55 H55C 0 .97 0 (0 ) 076 H76 0 .9 8 5 (0 )
Nuibers in  parentheses are e s t iia te d  standard d e v ia tio n s  in  the le a s t s ig n if ic a n t  d ig i ts .
Table C.3 Band distances involving hydrogen atons (A)
C10
A to il A to i2 A to i3 Angle Atoal A to i2 A to i3 Angle Atoal Atoa2 Atoa3 Angle
NI NI N2 9 0 .7 (1 ) C ll C14 C15 161 .8 (3 ) C42 C43 C44 123 .1 (3 )
NI NI N3 179 .3 (1 ) C13 C14 C15 124 .7 (3 ) C42 C43 C48 11 6 .3 (4 )
NI NI N4 8 9 .7 (1 ) C14 C15 C16 121 .3 (3 ) C44 C43 C48 120 .6 (4 )
N2 NI N3 8 9 .6 (1 ) C14 C15 C49 120 .8 (3 ) C43 C44 C45 11 1 .2 (4 )
N2 NI N4 17 8 .8 (1 ) C16 C15 C49 117 .8 (3 ) C43 C44 C46 111 .8 (4 )
N3 NI N4 9 0 .0 (1 ) N4 C16 CIS 12 5 .4 (3 ) C43 C44 C47 11 0 .0 (5 )
NI NI Cl 127.8 (2) N4 C16 C17 11 0 .6 (3 ) C45 C44 C46 10 7 .9 (6 )
NI NI C4 127 .1 (2 ) N4 C16 C19 3 7 .3 (2 ) C45 C44 C47 1 1 0 .1 (5 )
Cl NI C4 105 .2 (3 ) C15 C16 C17 12 3 .6 (3 ) C46 C44 C47 10 5 .7 (5 )
NI N2 C6 126 .9 (2 ) C15 C16 C19 161 .7 (3 ) C35 C48 C43 1 2 2 .7 (4 )
NI N2 C9 128 .2 (2 ) Cl 7 C16 Cl 9 7 3 .4 (2 ) C15 C49 C50 12 0 .0 (3 )
C6 N2 C9 104 .9 (3 ) C16 C17 C18 10 6 .7 (3 ) C15 C49 C62 12 0 .9 (3 )
NI N3 C ll 1 2 7 .4 (2 ) C17 C18 C19 1 0 7 .7 (3 ) C50 C49 C62 119.013)
NI N3 C14 127.5(21 N4 C19 C16 3 7 .3 (2 ) C49 C50 C51 12 2 .9 (3 )
C ll N3 C14 10 5 .1 (2 ) N4 C19 C18 1 0 9 .5 (3 ) C50 C51 C52 1 2 0 .4 (3 )
NI N4 C16 127 .2 (2 ) N4 C19 C20 12 6 .1 (3 ) C50 C51 C56 11 6 .9 (3 )
NI N4 C19 127 .4 (2 ) C16 C19 C18 7 2 .2 (2 ) C52 C51 C56 122 .6 (3 )
C16 N4 C19 10 5 .4 (3 ) C16 C19 C20 162 .5 (3 ) C51 C52 C53 10 9 .8 (4 )
NI Cl C2 110 .4 (3 ) C18 C19 C20 124 .0 (3 ) C51 C52 C54 11 1 .9 (3 )
NI Cl C4 3 7 .4 (2 ) Cl C20 C19 120 .9 (3 ) C51 C52 C55 1 1 0 .8 (3 )
NI Cl C20 12 5 .0 (3 ) Cl C20 C63 12 0 .1 (3 ) C53 C52 C54 10 6 .5 (4 )
C2 Cl C4 7 3 .1 (2 ) C19 C20 C63 118 .8 (3 ) C53 C52 C55 1 1 1 .3 (4 )
C2 Cl C20 12 4 .2 (3 ) C5 C21 C22 1 1 8 .7 (3 ) C54 C52 CSS 10 6 .4 (4 )
C4 Cl C20 16 1 .4 (3 ) C5 C21 C34 12 1 .3 (3 ) 03 C56 C51 11 8 .5 (3 )
Cl C2 C3 10 7 .0 (3 ) C22 C21 C34 12 0 .0 (3 ) 03 C56 C57 118 .7 (3 )
C2 C3 C4 107 .2 (3 ) C21 C22 C23 12 1 .4 (4 ) C51 C56 C57 12 2 .B(3)
NI C4 Cl 3 7 .4 (2 ) C22 C23 C24 1 1 9 .7 (4 ) . C56 C57 C58 12 2 .4 (3 )
NI C4 C3 109 .9 (3 ) C22 C23 C28 1 1 6 .2 (3 ) C56 C57 C62 117.0(31
NI C4 C5 125 .4 (3 ) C24 C23 C28 12 4 .1 (4 ) C58 C57 C62 12 0 .6 (4 )
Cl C4 C3 7 2 .5 (2 ) C23 C24 C25 11 2 .2 (4 ) C57 C58 C59 1 1 1 .5 (3 )
Cl C4 C5 16 2 .1 (3 ) C23 C24 C26 11 0 .0 (4 ) C57 C58 C60 11 0 .4 (4 )
C3 C4 C5 12 4 .5 (3 ) C23 C24 C27 11 0 .1 (4 ) C57 C58 C61 1 1 0 .5 (3 )
C4 C5 C6 122 .0 (3 ) C25 C24 C26 108 .2 (5 ) C59 C58 C60 1 0 6 .9 (4 )
C4 C5 C21 119.1 (3) C25 C24 C27 10 6 .4 (5 ) C59 C58 C61 1 0 8 .0 (4 )
C6 C5 C21 118.7(31 C26 C24 C27 109 .9 (4 ) C60 C58 C61 10 9 .4 (4 )
N2 C6 C5 12 5 .0 (3 ) 01 C28 C23 11 8 .6 (4 ) C49 C62 C57 12 1 .4 (3 )
N2 C6 C7 110 .1 (3 ) 01 C28 C29 11 7 .2 (4 ) C20 C63 C64 11 9 .5 (3 )
N2 C6 C9 3 7 .6 (2 ) C23 C2B C29 12 4 .2 (3 ) C20 C63 C76 12 1 .0 (3 )
Table C. 4 Bond angles involving non-hydrogen atoms <*>
C11
C5 C6 C7 124 .3 (3 ) C28 C29 C30 122.5 (3) C64 C63 C76 119.4(31
C5 C6 C9 161.2 (3) C28 C29 C34 116 .4 (4 ) C63 C64 C65 121 .7 (3 )
C7 C6 C9 7 2 .6 (2 ) C30 C29 C34 121 .2 (4 ) C64 C65 C66 120.7 (4)
C6 C7 C8 107 .6 (3 ) C29 C30 C31 111 .8 (4 ) C64 C65 C70 11 6 .4 (3 )
C7 C8 C9 10 7 .1 (3 ) C29 C30 C32 110 .5 (4 ) C66 C65 C70 123 .0 (3 )
N2 C9 Ci 3 7 .6 (2 ) C29 C30 C33 112 .2 (4 ) C65 C66 C67 110 .9 (4 )
N2 C9 C8 110 .2 (3 ) C31 C30 C32 105 .1 (5 ) C65 C66 C68 110 .3 (6 )
N2 C9 CIO 124 .B(3) C31 C30 C33 107 .1 (5 ) C65 C66 C69 11 3 .4 (5 )
C6 C9 C8 7 2 .6 (2 ) C32 C30 C33 109 .8 (4 ) C67 C66 C68 107 .2 (5 )
C6 C9 CIO 161 .9 (3 ) C21 C34 C29 121 .7 (4 ) C67 C66 C69 1 0 8 .5 (6 )
C8 C9 CIO 124 .7 (3 ) CIO C35 C36 119 .4 (3 ) C68 C66 C69 10 6 .2 (6 )
C9 CIO C ll 12 1 .1 (3 ) CIO C35 C48 121.2 (3) 04 C70 C65 1 1 9 .3 (3 )
C9 CIO C35 121 .0 (3 ) C36 C35 C48 119 .3 (3 ) 04 C70 C71 117 .0 (3 )
C ll CIO C35 117.5 (3) C35 C36 C37 121 .5 (3 ) C65 C70 C71 123 .8 (3 )
N3 C ll CIO 125.3 (3) C36 C37 C38 12 1 .1 (3 ) C70 C71 C72 12 2 .9 (3 )
N3 C ll C12 11 0 .2 (3 ) C36 C37 C42 1 1 6 .7 (3 ) C70 C71 C76 11 6 .4 (3 )
N3 C ll CM 3 7 .5 (2 ) C38 C37 C42 12 2 .2 (3 ) C72 C71 C76 12 0 .7 (3 )
CIO C ll C12 124 .0 (3 ) C37 C38 C39 11 1 .6 (4 ) C71 C72 C73 10 9 .5 (4 )
CIO C ll CM 161.7 (3) C37 C38 C40 111 .6 (3 ) C71 C72 C74 1 1 0 .0 (4 )
C12 C ll CM 7 2 .7 (2 ) C37 C38 C41 110 .8 (4 ) C71 C72 ' C75 111 .8 (3 )
C ll C12 C13 107 .4 (3 ) C39 C38 C40 107 .5 (4 ) C73 C72 C74 112 .1 (4 )
C12 C13 CM 107.3 (3) C39 C38 C41 10 8 .3 (4 ) C73 C72 C75 10 6 .4 (4 )
N3 C14 C ll 3 7 .4 (2 ) C40 C38 C41 106 .9 (4 ) C74 C72 C75 1 0 6 .9 (4 )
N3 CM C13 110 .0 (3 ) 02 C42 C37 116 .8 (3 ) C63 C76 C71 12 2 .3 (3 )
N3 C14 C15 125.1 (3) 02 C42 C43 1 1 9 .7 (4 )
C ll CM C13 7 2 .5 (2 ) C37 C42 C43 12 3 .5 (3 )
Nuabers in  parentheses are estim ated standard d e v ia tio n s  in  the le a s t s ig n if ic a n t  d ig i ts .
Table C.4 /cant
C12
A to il A to i2  A to i3  Angle
ssrsr r=== ; = = === =====
H25A C25 H25B 113.1 0(0 )
H25A C25 H25C 107.91(0 )
H25B C25 H25C 108.9 4(0 )
H26A 026 H26B 113 .03 (0 )
H26A C26 H26C 110.2 7(0 )
H26B C26 H26C 113.06(0 )
H27A C27 H27B 109.96(0 )
H27A C27 H27C 10B.42(0)
H27B C27 H27C 108.10(0 !
H31A 031 H31B 10 5.99(0 )
H31A 031 H310 114.93(0 )
H31B 031 H310 107.44(0 )
H32A 032 H32B 113.06(0 )
H32A 032 H320 10 8.10(0 )
H32B 032 H32C 111.60(0 )
H33A 033 H33B 108.16(0 )
H33A 033 H33C 113.18(0 )
H33B 033 H33C 110.37(0 )
H39A 039 H39B 120 .99 (0 )
H39A 039 H39C 117.02(0 )
H39B 039 H39C 115.49(0 )
H40A 040 H40B 113.09(0 )
H40A 040 H40C 111.01(0 )
H40B 040 H40C 111.98(0 )
A to il  A to i2  A to i3  Angle
===== ===== = === = SS3SS
H41A C41 H41B 108.47(0 )
H41A C41 H41C 114.24(0 )
H41B C41 H41C 107.94(0 )
H45A C45 H45B 109.55(0 )
H45A C45 H45C 112.08(0 )
H45B 045 H45C 105.3 9(0 )
H46A 046 H46B 106.77(0 )
H46A 046 H46C 113.0 8(0 )
H46B 046 H46C 107.91(0 )
H47A 047 H47B 1 14 .1 5 (0 )
H47A 047 H47C 111.9 8(0 )
H47B 047 H47C 110 .10 (0 )
H53A 053 H53B 109.26(0 )
H53A 053 H53C 109.6 0(0 )
H53B 053 H53C 109.13(0 )
H54A 054 H54B 111.6 6(0 )
H54A 054 H54C 110.14(0 )
H54B 054 H540 109 .4 7 (0 )
H55A 055 H55B 110.9 9(0 )
H55A 055 H550 11 2.47(0 )
H55B 055 H55C 108.08(0 )
H59A 059 H59B 109 .44 (0 )
H59A 059 H59C 109.87(0 )
H59B 059 H59C 112.2 0(0 )
A to il A to i2 A toi3
SSZSS
Angle
SSSZZ
H60A C60 H60B 110.71(0 )
H60A C60 H60C 111 .38 (0 )
H60B C60 H60C 108.69(0 )
H61A C61 H61B 104 .44 (0 )
H61A C61 H61C 1 10 .45 (0 )
H61B C61 H61C 1 0 7 .2 2 (0 )
H67A C67 H67B 112 .99 (0 )
H67A C67 H67C 10 8 .4 0 (0 )
H67B C67 H67C 114.0 3(0 )
H68A C6B H68B 1 1 2 .7 4 (0 )
H6SA C68 H68C 11 0 .6 3 (0 )
H6BB C68 H68C 11 1 .1 2 (0 )
H69A C69 H69B 11 5 .5 1 (0 )
H73A C73 H73B 10 8 .9 4 (0 )
H73A C73 H73C 1 07 .91 (0 )
H73B C73 H73C 11 2 .1 8 (0 )
H74A C74 H74B 10 8 .5 1 (0 )
H74A C74 H74C 10 8 .8 1 (0 )
H74B C74 H74C 10 8 .9 5 (0 )
H75A C75 H75B 10 6 .6 6 (0 )
H75A C75 H75C 112 .53 (0 )
H75B C75 H75C 10 9 .1 3 (0 )
Nuibers in  parentheses are estim ated standard d e v ia tio n s  in  the  le a s t s ig n if ic a n t  d ig i ts .
Table C.5 Band angles involving hydrogen atone <*)
C13
P l a n e  1 2 3 4 5 6
A t  o s s C o r e 4 N P y r r o l e  1 P y r r o l e  2 P y r r o l e  3 P y r r o l e  4
N I 0 . 0 1 2 < 1 ) 0 . 0 0 4 ( 1 )
N I '  0 . 0 1 1 ( 3 ) 0 . 0 1 4 ( 3 ) 0 . 0 0 3 ( 3 )
N 2 - 0 . 0 1 6 ( 3 ) - 0 . 0 1 5 ( 3 ) - 0 . 0 0 4 ( 3 )
N 3 0 . 0 3 2 ( 3 ) 0 .  0 1 5 ( 3 ) 0 .  0 0 1 ( 3 )
N 4 0 . 0 0 0 ( 3 ) - 0 .  0 1 5 ( 3 ) - 0 . 0 0 1 ( 3 )
C l 0 . 3 3 1 ( 4 ) - 0 . 0 1 8 ( 4 )
C 2 0 . 2 7 5 ( 6 ) 0 . 0 2 5 ( 5 )
C 3 - 0 . 1 7 0 ( 6 ) - 0 . 0 2 3 ( 5 )
C 4 - 0 . 2 9 0 ( 4 ) 0 .  0 1 2 ( 5 )
C 5 - 0 . 5 4 0 ( 4 )
C 6 - 0 . 3 5 0 ( 4 ) 0 .  0 1 3 ( 4 )
C 7 - 0 . 2 8 0 ( 6 ) - 0 . 0 1 7 ( 6 )
C 8 0 . 1 5 6 ( 6 ) 0 . 0 1 5 ( 6 )
C 9 0 . 2 9 4 ( 4 ) - 0 . 0 0 7 ( 4 )
C IO 0 . 5 8 0 ( 4 )
C l l 0 . 3 5 5 ( 4 ) - 0 .  0 1 1 ( 4 )
C 1 2 0 . 2 5 2 ( 5 ) 0 . 0 1 7 ( 5 )
C 1 3 - 0 . 1 9 0 ( 5 ) - 0 . 0 1 7 ( 5 )
C 1 4 - 0 . 2 9 6 ( 4 ) 0 . 0 1 0 ( 4 )
C 1 5 - 0 . 5 5 1 ( 4 )
C 1 6 - 0 . 3 3 1 ( 4 ) 0 . 0 0 8 ( 4 )
C 1 7 - 0 . 2 6 1 ( 5 ) - 0 . 0 1 2 ( 5 )
C 1 8 0 . 1 5 4 ( 5 ) 0 . 0 1 2 ( 5 )
C 1 9 0 . 2 9 6 ( 4 ) - 0 . 0 0 7 ( 4 )
C 2 0 0 . 5 3 9 ( 4 )
P l a n e  E q u a t i o n  A x  +  B y  +  C z  =  D
Plane No. A B C  D  Plane No. A B C D
1 - 0 . 1 4 4 - 0 . 1 9 3 - 0 . 9 7 1  - 7 . 6 7 4  4
2  - 0 . 1 5 0 - 0 . 1 8 9 - 0 . 9 7 1  - 7 . 7 1 2  5
3  - 0 . 4 1 3  - 0 . 2 8 2  - 0 . 8 6 6  - 1 1 . 1 7 6  6
- 0 . 2 4 5  0 . 0 9 6  
0 . 1 5 2  - 0 . 1 0 6  
- 0 . 0 3 0  - 0 . 4 5 7
- 0 . 9 6 5  - 7 . 0 1 2  
- 0 . 9 8 3  - 3 . 3 9 6  
- 0 . 8 8 9  - 7 . 5 2 5
I n t e r p l a n a r  A n g l e s  ( D e g )
P l a n e  P l a n e  A n g l e  P l a n e  P l a n e A n g l e  P l a n e P l a n e  A n g l e
1 2 0 . 4 2 3 1 7 .  1 3 5 3 5 .  1
1 3 1 7 . 3 2 4 1 7 . 3 3 6 2 4 . 3
1 4 1 7 . 6 2 5 1 8 .  0 4 5 2 5 . 7
1 5 1 7 . 8 2 6 1 7 . 5 4 6 3 4 . 8
1 6 1 7 .  1 3 4 2 4 . 5 5 6 2 3 . 4
Table C.6 Least-squares planes data
C14
Atoms
Plane 1 
Core
2
4N
7  8  9  1 0
P h e n y l  1 P h e n y l  2  P h e n y l  3  P h e n y l  4
H I 0 . 0 1 2 ( 1 ) 0 . 0 0 4 ( 1 )
H I 0 . 0 1 1 ( 3 ) 0 . 0 1 4 ( 3 )
H 2 - 0 .  0 1 6 ( 3 ) - 0 .  0 1 5 ( 3 )
H 3 0 . 0 3 2 ( 3 ) 0 .  0 1 5 ( 3 )
H 4 0 . 0 0 0 ( 3 ) - 0 . 0 1 5 ( 3 )
( s e e  p r e v
. p a g e )
C 2 1 - 0 . 0 0 5 ( 5 )
C 2 2 0 . 0 0 3 ( 5 )
C 2 3 - 0 . 0 0 3  ( 5 )
C 2 8 0 . 0 0 5 ( 5 )
C 2 9 0 . 0 0 7 ( 5 )
C 3 4 0 . 0 0 7 ( 5 )
C 3 5 0 .  0 0 6 ( 5 )
C 3 6 - 0 . 0 0 5 ( 5 )
C 3 7 - 0 . 0 0 1 ( 5 )
C 4 2 0 . 0 0 6 ( 6 )
C 4 3 - 0 . 0 0 5 ( 6 )
C 4 8 - 0 . 0 0 1 ( 6 )
C 4 9 - 0 .  0 0 7 ( 4 )
C 5 0 0 . 0 0 5 ( 5 )
C 5 1 0 . 0 0 5 ( 5 )
C 5 6 - 0 . 0 1 2 ( 5 )
C 5 7 - 0 . 0 1 0 ( 5 )
C 6 2 0 .  0 0 0 ( 5 )
C 6 3 0 .  0 0 9 ( 5 )
C 6 4 - 0 . 0 0 1 ( 5 )
C 6 5 - 0 . 0 0 6 ( 6 )
C 7 0 0 .  0 0 5 ( 6 )
C 7 1 0 . 0 0 4 ( 5 )
C 7 6 - 0 . 0 1 1 ( 5 )
P l a n e  E q u a t i o n  A x  + B y  + C z  = D
Plane No, A B C  D  Plane No, A B C D
7 - 0 . 5 5 3  - 0 . 8 3 3  - 0 . 0 1 7  - 1 2 . 3 2 6  9 0 . 4 3 8  0 . 7 8 5 - 0 . 4 3 7 8 . 4 6 8
8 - 0 . 9 0 7 0 . 4 1 6  - 0 . 0 6 7  - 8 . 7 4 3  1 0 - 0 . 8 8 3  0 . 2 9 8 - 0 . 3 8 5 - 1 1 . 2 6 7
I n t e r p l a n a r  A n g l e s  ( D e g )
P l a n e P l a n e A n g l e  P l a n e  P l a n e A n g l e  P l a n e P l a n e A n g l e
1 7 7 5 . 1  1 8 8 3 . 0  1 9 7 7 . 9
1 1 0 6 2 . 9  2  7 7 5 .  1 2 8 8 3 . 4
2 9 7 7 . 9  2  1 0 6 3 . 3
Table C.6 /cant
C15
Values of 10*Fobs and lO tF ca lc Page 1
H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc
0 0 2 2377 2994 0 2 12 478 451 0 5--15 129 129 0 7 0 818 823 0 9 15 84 95
0 0 3 970 606 0 2 13 153 15B 0 5--14 89 95 0 7 1 268 261 0 9 16 97 95
0 0 4 1788 1630 0 2 14 258 237 0 5 -13 301 303 0 7 2 950 784 0 10--12 184 191
0 0 5 1398 1290 0 2 15 84 90 0 5--11 133 109 0 7 3 315 299 0 10-•10 196 200
0 0 6 961 912 0 2 16 225 221 0 5--10 314 307 0 7 4 369 364 0 10 -9 120 113
0 0 7 1088 1074 0 2 17 84 93 0 5 - 8 274 293 0 7 5 592 541 0 10 -8 88 96
0 0 8 644 606 0 2 19 165 169 0 5 -7 277 263 0 7 6 204 200 0 10 -7 232 233
0 0 9 615 604 0 3-•15 111 121 0 5 -6 217 213 0 7 7 256 248 0 10 -5 99 102
0 0 10 204 168 0 3--12 56 55 0 5 -5 327 334 0 7 8 310 292 0 10 -4 134 118
0 0 11 112 131 0 3-■11 95 93 0 5 -4 283 249 0 7 9 292 284 0 10 -2 263 278
0 0 12 341 352 0 3--10 405 407 0 5 -3 166 221 0 7 10 112 80 0 10 0 353 353
0 0 13 129 135 0 3 -9 177 190 0 5 -2 552 640 0 7 11 244 248 0 10 1 241 259
0 0 14 338 342 0 3 -8 288 259 0 5 -1 560 529 0 7 12 71 56 0 10 2 436 443
0 0 16 213 197 0 3 -7 162 141 0 5 0 104 80 0 7 13 263 270 0 10 3 274 249
0 0 18 132 119 0 3 -6 47 24 0 5 1 322 260 0 7 14 101 101 0 10 4 542 533
0 1-•12 171 159 0 3 -5 162 157 0 5 2 218 259 0 7 15 262 273 0 10 6 727 714
0 1--11 206 180 0 3 -3 105 189 0 5 3 271 234 0 7 16 156 177 0 10 7 321 278
0 1 -9 333 310 0 3 -2 442 605 0 5 5 84 111 0 7 17 151 151 0 10 8 200 192
0 1 -8 414 389 0 3 -1 1150 821 0 5 6 1183 1090 0 7 18 95 104 0 to 9 254 250
0 1 -7 132 101 0 3 0 813 989 0 5 7 239 240 0 7 19 91 100 0 10 10 95 100
0 1 -5 354 403 0 3 1 1739 1556 0 5 8 320 291 0 8--14 151 139 0 10 11 189 181
0 1 -4 1257 1062 0 3 2 440 417 0 5 9 118 133 0 8-•10 107 105 0 10 13 446 436
0 1 -3 915 940 0 3 3 777 803 0 5 10 421 418 0 8 -8 196 204 0 10 14 239 243
0 1 -2 1115 962 0 3 5 224 235 0 5 11 52 58 0 8 -6 140 135 0 10 15 211 209
0 1 -1 734 1122 0 3 6 188 209 0 5 12 644 624 0 8 -5 12B 135 0 10 16 157 152
0 1 0 518 268 0 3 8 477 393 0 5 14 332 327 0 8 -4 192 201 0 10 17 149 148
0 1 2 1017 1663 0 3 9 492 512 0 5 15 153 149 0 8 -3 423 416 0 10 18 196 195
0 1 3 431 808 0 3 10 83 70 0 5 16 202 213 0 8 -2 530 492 0 11- 11 129 129
0 1 4 3038 2691 0 3 11 464 434 0 5 17 143 138 0 8 -1 552 552 0 11-■10 136 136
0 1 5 446 348 0 3 12 92 93 0 5 19 162 154 0 8 0 144 150 0 11 -9 74 84
0 1 6 1475 1333 0 3 13 175 180 0 6--16 143 132 0 8 1 1005 984 0 11 -8 140 139
0 1 7 366 363 0 3 15 188 194 0 6- 14 79 74 0 8 2 105 84 0 11 -7 150 144
0 1 8 304 313 0 3 16 131 125 0 6-■13 247 264 0 8 3 747 688 0 11 -6 106 114
0 1 9 224 240 0 3 18 103 99 0 6- 11 420 425 0 8 4 684 717 0 11 -5 100 90
0 1 10 365 379 0 3 20 116 114 0 6 -9 387 371 0 8 5 336 311 0 11 -4 164 146
0 1 11 553 538 0 4- 15 87 77 0 6 -8 85 B6 0 8 6 420 411 0 11 -3 342 324
0 1 12 118 126 0 4-•14 126 130 0 6 -7 298 315 0 B 7 442 445 0 11 -2 93 82
0 1 13 158 152 0 4- 11 147 147 0 6 -6 149 134 0 8 8 484 452 0 11 -1 124 134
0 1 14 112 113 0 4-■10 256 254 0 6 -5 99 110 0 8 9 149 139 0 11 1 200 199
0 1
1
IS 218 228 0 4 -9 368 372 0 6 -4 668 653 0 8 10 457 451 0 11 3 236 215
0 16 121 130 0 4 -8 80 86 0 6 -2 481 450 0 8 11 256 265 0 11 4 116 99
0 1 17 152 154 0 4 -7 454 442 0 6 0 350 336 0 B 12 157 164 0 11 5 406 406
0 1 18 76 80 0 4 -6 154 135 0 6 1 150 143 0 8 13 139 144 0 11 6 298 312
0 1 19 115 127 0 4 -5 684 621 0 6 2 337 309 0 8 14 187 208 0 11 7 174 144
0 2-•17 141 137 0 4 -4 100 151 0 6 3 201 191 0 8 18 129 137 0 11 8 474 470
0 2--16 128 135 0 4 -3 313 299 0 6 4 332 265 0 8 19 156 145 0 11 9 140 153
0 2-■14 348 342 0 4 -2 241 291 0 6 5 774 723 0 9--13 74 86 0 11 10 416 401
0 2-•13 223 234 0 4 -1 332 442 0 6 6 378 345 0 9- 11 146 150 0 11 11 77 73
0 2-■12 420 397 0 4 0 1013 817 0 6 7 103 99 0 9 -9 81 98 0 11 12 375 372
0 2 -9 55 35 0 4 1 832 605 0 6 8 139 145 0 9 -B 97 97 0 11 13 160 154
0 2 -8 87 62 0 4 2 1326 1321 0 6 9 166 171 0 9 -7 117 109 0 11 14 148 155
0 2 -7 333 312 0 4 3 434 407 0 6 10 146 144 0 9 -5 49 36 0 11 15 178 173
0 2 -6 258 270 0 4 4 433 404 0 6 11 259 253 0 9 -4 183 195 0 11 17 239 233
0 2 -5 208 229 0 4 5 329 343 0 6 12 71 67 0 9 -2 336 331 0 12 -9 86 95
0 2 -4 657 503 0 4 6 506 478 0 6 13 273 301 0 9 -1 72 79 0 12 -7 314 325
0 2 -3 696 447 0 4 7 328 292 0 6 14 460 445 0 9 0 105 104 0 12 -5 265 269
0 2 -2 1023 714 0 4 8 923 804 0 6 15 388 391 0 9 1 167 152 0 12 -4 59 63
0 2 -1 232 77 0 4 9 617 594 0 6 16 237 228 0 9 2 172 168 0 12 -3 335 336
0 2 0 292 194 0 4 10 321 340 0 6 18 164 171 0 9 3 628 557 0 12 -2 132 119
0 2 1 318 567 0 4 11 189 183 0 6 20 80 91 0 9 4 244 252 0 12 -1 268 254
0 2 2 403 78 0 4 12 223 231 0 7-•14 99 99 0 9 5 546 491 0 12 1 225 226
0 2 3 378 600 0 4 13 355 367 0 7- 13 96 115 0 9 6 260 246 0 12 2 115 134
0 2 4 304 92 0 4 14 63 72 0 7-■11 193 198 0 9 7 280 256 0 12 3 61 77
0 2 5 1699 1544 0 4 15 186 187 0 7 -8 80 94 0 9 8 350 333 0 12 4 123 134
0 2 6 852 803 0 4 16 60 72 0 7 -7 394 379 0 9 9 320 299 0 12 5 246 247
0 2 7 524 433 0 4 17 201 203 0 7 -5 641 600 0 9 10 452 443 0 12 6 104 80
0 2 8 331 353 0 4 18 105 88 0 7 -4 237 212 0 9 11 246 249 0 12 7 313 321
0 2 9 1005 964 0 4 19 116 123 0 7 -3 166 159 0 9 12 298 294 0 12 8 149 140
0 2 10 374 359 0 4 20 87 85 0 7 -2 269 283 0 9 13 169 163 0 12 9 339 333
0 2 11 225 254 0 5- 17 71 70 0 7 -1 472 453 0 9 14 395 389 0 12 10 134 123
Table C.7 Observed structure factor tables (F0FC >
C16
Values of lOtFobs and lO tFcalc
H K L Fobs Fcalc H K L Fobs Fcalc H K L
0 12 11 326 322 1-17 -7 91 102 1-12 -9
0 12 13 136 142 1-17 -2 80 78 1-12 -8
0 12 14 171 177 1-17 0 63 60 1-12 -7
0 12 15 125 126 1-16-12 124 121 1-12 -6
0 12 16 174 178 1-16-10 173 159 1-12 -5
0 1J -9 162 157 1-16 -8 139 114 1-12 -4
0 13 -8 SB 52 1-16 -7 93 76 1-12 -3
0 13 -7 89 73 1-16 -6 71 76 1-12 -2
0 13 -6 128 121 1-16 -5 237 255 1-12 -1
0 13 -5 140 152 1-16 -4 84 86 1-12 0
0 13 -4 172 174 1-16 -3 193 210 1-12 2
0 13 -2 163 175 1-16 -2 92 84 1-12 4
0 13 0 115 116 1-16 -1 98 85 1-12 6
0 13 2 266 266 1-16 1 123 129 1-12 7
0 13 3 344 354 1-16 3 123 128 1-12 B
0 13 4 78 78 1-15-13 153 157 1-12 9
0 13 5 212 207 1-15-11 211 226 1-11-■16
0 13 6 111 128 1-15 -9 126 119 1-11--14
0 13 7 93 98 1-15 -7 126 125 1-11-■13
0 13 9 155 148 1-15 -6 99 116 1-11--12
0 13 11 115 115 1-15 -5 148 155 1-11-■10
0 13 12 85 91 1-15 -2 161 146 1-11 -9
0 13 13 113 121 1-15 0 142 142 1-11 -7
0 13 15 172 168 1-15 2 110 100 1-11 -6
0 14 -7 140 151 1-15 3 93 97 1-11 -5
0 14 -6 128 122 1-15 4 120 110 1-11 -4
0 14 -5 230 227 1-15 5 180 180 1-11 -3
0 14 -4 120 121 1-14-15 71 74 1-11 -2
0 14 -3 212 216 1-14-14 185 185 1-11 -1
0 14 -2 155 152 1-14-12 159 177 1-11 0
0 14 -1 194 197 1-14-11 173 169 1-11 2
0 14 0 169 175 1-14-10 95 96 1-11 4
0 14 1 229 235 1-14 -9 169 183 1-11 5
0 14 4 192 194 1-14 -8 228 236 1-11 7
0 14 5 157 161 1-14 -7 109 97 1-11 8
0 14 6 111 113 1-14 -3 162 154 1-11 10
0 14 9 115 108 1-14 0 200 190 1-11 11
0 14 10 205 208 1-14 1 134 140 1-11 12
0 14 11 97 116 1-14 2 124 126 1-10- 18
0 14 12 190 191 1-14 3 127 141 1-10-•17
0 14 14 153 150 1-14 4 277 259 1-10-•16
0 14 15 140 135 1-14 5 95 108 1-10--15
0 13 -4 156 158 1-14 6 296 295 1-10-■14
0 IS -3 111 104 1-14 8 146 143 1-10-•13
0 IS -2 190 189 1-13-15 140 119 1-10-•12
0 IS -1 199 197 1-13-14 187 210 1-10 -9
0 15 0 150 144 1-13-12 210 213 1-10 -8
0 IS 1 151 139 1-13-11 85 87 1-10 -7
0 IS 3 225 220 1-13 -9 126 101 1-10 -6
0 IS 5 89 75 1-13 -8 161 165 1-10 -5
0 15 7 94 76 1-13 -7 323 321 1-10 -4
0 IS 8 69 74 1-13 -6 120 110 1-10 -3
0 IS 12 153 141 1-13 -5 178 165 1-10 -2
0 15 14 139 149 1-13 -4 148 141 1-10 -1
0 16 -3 91 100 1-13 -2 177 173 1-10 0
0 16 -2 165 178 1-13 -1 276 286 1-10 1
0 16 -1 69 70 1-13 0 51 54 1-10 2
0 16 0 20B 218 1-13 1 300 301 1-10 3
0 16 2 196 185 1-13 3 160 159 1-10 4
0 16 4 271 278 1-13 4 161 174 1-10 5
0 16 6 247 274 1-13 7 135 128 1-10 6
0 16 7 106 88 1-13 9 114 123 1-10 7
0 16 8 119 126 1-12-17 175 188 1-10 8
0 16 9 117 115 1-12-16 92 82 1-10 9
0 16 11 119 106 1-12-15 300 297 1-10 11
0 17 1 101 111 1-12-14 142 150 1-10 13
0 17 2 99 101 1-12-13 254 253 1 -9 - 18
0 17 6 134 121 1-12-12 202 207 1 -9 --17
0 17 8 94 100 1-12-11 282 293 1 -9 - •15
1--17 -a 85 84 1-12-10 501 506 1 -9 -■14
Fobs Fcalc H K L Fobs Fcalc H K L
Page Z 
Fobs Fcalc--- ---- -  -  - --- ---- -  -  - ----
224 224 1 -9 -1 3 339 340 1 -7  6 627 623
512 501 1 -9 -1 2 296 283 1 -7  7 200 213
79 75 1 -9 -1 0 .269 292 1 -7  8 319 321
426 425 1 -9  -9 553 548 1 -7  9 130 112
86 83 1 -9  -8 384 367 1 -7  10 262 260
386 355 1 -9  -6 395 383 1 -7  11 239 230
136 148 1 -9  -5 221 188 1 -7  12 145 157
412 394 1 -9  -4 401 402 1 -7  13 85 91
280 278 1 -9  -2 354 352 1 -6 -1 9 59 60
385 384 1 -9  0 348 350 1 -6 -1 4 184 185
122 131 1 -9  1 152 163 1 -6 -1 3 120 130
322 336 1 -9  2 75 71 1 -6 -1 2 58 49
142 136 1 -9  3 314 306 1 -6 -1 1 417 421
76 88 1 -9  4 440 429 1 -6 -1 0 413 409
119 126 1 -9  5 399 401 1 -6  -6 111 125
78 68 1 -9  7 242 229 1 -6  -5 287 254
211 211 1 -9  9 158 181 1 -6  -4 522 453
103 111 1 -9  10 98 99 1 -6  -3 268 249
72 67 1 -9  11 91 113 1 -6  -2 567 516
176 176 1 -8 -1 8 112 106 1 -6  -1 585 578
211 188 1 -8 -1 6 195 183 1 -6  0 626 654
112 120 1 -B -15 135 138 1 -6  1 980 943
148 155 1 -8 -1 4 118 133 1 -6  2 256 260
100 87 1 -8 -1 3 420 417 1 -6  3 976 966
286 278 1 -8 -1 2 139 136 1 -6  4 334 345
81 99 1 -8 -1 1 424 409 1 -6  5 272 286
427 417 1 -8 -1 0 153 166 1 -6  6 139 140
314 308 1 -8  -9 534 524 1 -6  7 374 393
82 90 1 -B -8 132 107 1 -6  8 393 408
343 342 1 -8  -7 445 405 1 -6  9 95 82
367 355 1 -B -5 644 605 1 -6  10 240 241
209 219 1 -8  -4 594 549 1 -6  11 82 95
86 85 1 -8  -3 63 74 1 -6  12 203 204
92 83 1 -8  -2 791 733 1 -6  14 '2 7 7 259
133 161 1 -8  -1 420 420 1 -6  16 75 68
144 138 1 -8  0 375 370 1 -5 -1 8 100 85
55 51 1 -8  1 158 - 190 1 -5 -1 6 91 101
124 127 1 -8  2 644 603 1 -5 -1 5 86 88
108 113 1 -8  3 353 360 1 -5 -1 2 244 228
174 172 1 -8  4 384 342 1 -5 -1 1 217 212
162 172 1 -B 5 389 396 1 -5 -1 0 159 147
167 167 1 -8  6 246 256 1 -5  -9 300 276
332 340 1 -8  7 201 194 1 -5  -8 388 380
137 146 1 -8  8 145 135 1 -5  -7 520 511
80 86 1 - 8  9 208 211 1 -5  -6 805 741
201 194 1 -8  10 57 57 1 -5  -5 180 209
131 134 1 -8  11 63 57 1 -5  -4 179 186
82 101 1 -B  12 88 97 1 -5  -3 227 261
63 72 1 -8  15 65 75 1 -5  -2 345 358
231 203 1 -7 -1 6 142 134 1 -5  -1 605 555
164 170 1 -7 -1 4 166 174 1 -5  0 738 785
366 340 1 -7 -1 3 466 479 1 -5  1 449 360
107 93 1 -7 -1 2 124 125 1 -5  2 226 261
581 555 1 -7 -1 1 220 211 1 -5  3 67 75
169 173 1 -7 -1 0 330 317 1 -5  5 579 534
542 555 1 -7  -9 201 204 1 -5  7 437 458
98 90 1 -7  -8 263 251 1 -5  9 275 262
267 269 1 -7  -7 142 144 1 -5  10 99 91
211 227 1 -7  -6 499 511 1 -5  11 237 246
128 118 1 -7  -5 737 690 1 -5  12 115 121
87 90 1 -7  -4 B76 784 1 -5  13 176 1B3
71 76 1 -7  -3 579 503 1. -5  14 210 209
140 132 1 -7  -2 155 143 1 -5  15 115 106
148 144 1 -7  -1 633 595 1 -5  16 182 184
154 146 1 -7  0 216 223 1 -4 -1 8 68 77
154 164 1 -7  1 497 501 1 -4 -1 7 134 128
114 111 1 -7  2 665 613 1 -4 -1 6 201 198
90 82 1 -7  3 375 319 1 -4 -1 5 57 64
171 165 1 -7  4 512 526 1 -4 -1 4 326 313
118 116 1 -7  5 183 146 1 -4 -1 3 242 249
C17
Values of 10*Fobs and 10*Fcalc Page 3
K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc
-4 -12 102 107 1 -2 -4 635 742 1 0 11 260 249 1 2 15 266 296 1 5 -9 46 42
-4 --11 167 159 1 -2 -3 1499 1094 1 0 12 273 261 1 2 16 203 204 1 5 -7 101 105
-4 -10 157 160 1 -2 -2 818 404 1 0 13 158 166 1 2 17 ‘ 111 99 1 5 -6 196 167
-4 -9 178 181 1 -2 -1 1146 615 1 0 14 326 341 1 2 18 106 105 1 5 -5 388 393
-4 -8 333 284 1 -2 0 73 203 1 0 15 200 208 1 2 20 132 139 1 5 -4 202 206
-4 -7 185 220 1 -2 1 494 295 1 0 16 60 63 1 3-17 87 89 1 5 -3 112 176
-4 -6 319 334 1 -2 2 1212 1255 1 0 17 209 225 1 3-11 145 147 1 5 -2 462 311
-4 -5 699 632 1 -2 3 430 411 1 0 19 85 95 1 3 -9 52 50 1 5 -1 218 263
-4 -4 201 169 1 -2 5 168 148 1 1 -17 76 69 1 3 -8 312 336 1 S 0 168 123
-4 -3 1172 1012 1 -2 6 489 449 1 1-■15 56 40 1 3 -7 289 271 1 5 1 154 165
-4 - t 415 405 1 -2 7 499 552 1 1 -14 200 197 1 3 -5 964 982 1 5 2 131 110
-4 0 592 561 1 -2 9 324 318 1 1- 13 B1 71 1 3 -4 500 429 1 5 3 602 642
-4 1 341 369 1 -2 11 158 167 1 1--12 169 184 I 3 - 3 196 148 1 5 4 456 440
-4 2 765 726 1 -2 12 93 94 1 1- 11 74 80 1 3 -2 307 422 1 5 5 574 568
-4 3 130 102 1 -2 13 49 51 1 1 -9 98 105 1 3 -1 575 308 1 5 7 186 204
-4 4 602 592 1 -2 15 118 131 1 1 -8 196 172 1 3 0 1111 695 1 5 8 197 214
-4 5 283 250 1 -2 18 55 53 1 1 -7 210 216 1 3 1 794 385 1 5 9 201 201
-4 6 768 756 1 -1 - 18 124 124 1 1 -6 172 179 1 3 2 559 298 1 5 10 143 135
-4 7 138 119 1 -]■-17 156 168 1 1 -5 265 158 1 3 3 905 1001 1 5 11 584 589
-4 B 224 232 1 -1 - 16 165 141 1 1 -4 45 106 1 3 4 202 238 1 5 12 186 211
-4 9 285 247 1 -1 --15 134 151 1 1 -3 1121 1255 1 3 5 121 29 1 5 13 236 221
-4 10 212 201 1 -1 - 14 285 277 1 1 -2 1234 928 1 3 6 281 230 1 5 15 147 154
-4 11 123 111 1 -1 -■12 412 418 1 1 -1 61 40 1 3 7 745 775 1 5 16 111 94
-4 12 269 261 1 -1 - 11 156 152 1 1 0 921 807 1 3 8 377 371 1 5 17 79 74
-4 13 269 268 1 -1 -■10 347 329 1 1 1 803 1029 1 3 9 553 503 1 5 18 76 75
-4 15 193 201 1 -1 -9 404 376 1 1 3 1866 1747 1 3 10 447 451 1 5 19 63 54
-4 17 120 120 1 -1 -8 53 75 1 1 4 1522 1499 1 3 11 193 175 1 5 20 141 148
-3 - 19 130 171 1 -1 -7 150 135 1 1 5 2055 2015 1 3 12 471 468 1 6- 15 179 169
-3 -■17 152 145 1 -1 -6 994 927 1 1 6 332 254 1 3 13 226 238 1 6-•11 72 72
-3 - 15 232 230 1 -1 -5 1144 1057 1 1 7 2041 2032 1 3 14 245 253 1 6- 10 564 571
-3 -■14 194 212 1 -1 -4 1155 1207 1 1 8 516 470 1 3 15 177 165 1 6 -8 258 259
-3 - 13 167 177 1 -1 -3 1064 1237 1 1 9 1051 1034 1 3 16 213 231 1 6 -7 166 155
-3 -•12 209 224 1 -1 -2 1256 654 1 1 10 280 300 1 3 17 166 164 1 6 -6 - 167 167
-3 - 11 102 100 1 -1 2 474 261 1 1 11 270 263 1 3 19 94 99 1 6 -5 106 115
-3 -9 288 264 1 -1 3 160 149 1 1 12 389 382 1 4-17 72 54 1 6 -4 114 128
-3 -7 551 540 1 -1 4 499 445 1 1 14 114 131 1 4-15 95 86 1 6 - 3 395 41B
-3 -6 98 69 1 - j 6 457 475 1 1 15 104 102 1 4-13 187 175 1 6 -2 325 271
-3 -4 555 567 1 -1 7 504 525 1 1 16 114 109 1 4-12 B2 87 1 6 -1 520 474
-3 -3 105 54 t -1 8 72 48 I 1 18 176 171 1 4-10 60 56 1 6 0 278 314
-3 -2 376 231 1 -1 9 202 19B 1 1 19 119 146 1 4 -9 46 33 1 6 1 393 399
-3 -1 89 59 1 10 259 220 1 1 20 76 82 1 4 -8 141 127 1 6 2 415 378
-3 0 262 308 1 -1 11 223 235 1 2- 16 130 117 1 4 -7 91 95 1 6 3 537 550
-3 1 840 874 1 -1 12 109 126 1 2-■15 72 94 1 4 -6 247 223 1 6 4 484 474
-3 3 421 372 1 -1 13 189 168 1 2- 14 64 44 1 4 -5 590 543 1 6 5 43 74
-3 4 193 189 1 - j 14 144 158 1 2--13 184 204 1 4 -4 633 681 1 6 6 77B 730
-3 5 357 343 1 -1 15 94 87 1 2- 12 196 200 1 4 -3 448 340 1 6 7 643 594
-3 6 346 361 1 0--16 75 76 1 2--11 93 96 1 4 -2 89 24 1 6 8 372 384
-3 7 148 150 1 0- 15 146 172 1 2 -9 270 271 1 4 -1 162 168 1 6 9 86 84
-3 8 223 222 1 0--14 108 118 1 2 -8 42 35 1 4 0 351 341 1 6 10 362 348
-3 9 108 120 1 0- 13 432 438 1 2 -7 274 293 1 4 1 643 407 1 6 11 250 249
-3 10 438 411 1 o--12 69 71 1 2 -6 195 168 1 4 2 160 51 1 6 13 368 367
-3 12 267 272 1 0- 11 337 353 1 2 -5 253 249 1 4 3 114 160 1 6 14 124 109
-3 13 196 193 1 0-■10 191 187 1 2 -4 749 612 1 4 4 354 293 1 6 15 481 487
-3 14 15B 162 1 0 -8 453 426 1 2 -3 373 164 1 4 5 375 383 1 6 16 117 109
-3 15 55 47 1 0 -7 730 708 1 2 -2 57 287 1 4 6 769 730 1 6 17 200 209
-3 16 115 89 1 0 -6 384 335 1 2 -1 712 239 1 4 7 338 321 1 6 19 192 205
-3 18 82 68 1 0 -5 118 62 1 2 0 2054 2271 1 4 9 387 379 1 7 -15 134 148
-2 - 18 214 228 1 0 -4 715 685 1 2 1 1053 1143 1 4 10 312 335 1 7--14 63 76
-2 - 17 140 147 1 0 -2 232 383 1 2 2 1620 1474 1 4 11 191 201 1 7 -13 233 229
-2 - 16 n o 94 1 0 -1 821 3B8 1 2 3 61B 659 1 4 12 396 354 1 7- 12 224 241
-2 -■15 124 133 1 0 1 1241 1858 1 2 4 1200 1187 1 4 13 214 201 1 7 -11 210 215
-2 - 14 114 114 1 0 2 1146 1587 1 2 5 1287 1187 1 4 14 270 263 1 7--10 112 91
-2 - 13 203 192 1 0 3 1838 1706 1 2 6 1311 1186 1 4 16 279 289 1 7 -9 248 249
-2 - 11 401 419 1 0 4 1081 1086 1 2 7 138 80 1 4 18 86 95 1 7 -8 262 258
-2 -■10 401 391 1 0 5 1542 1432 1 2 8 1257 1289 1 4 20 111 133 1 7 -7 143 153
-2 -9 277 299 1 0 6 1054 1143 1 2 9 1114 1090 1 5-14 163 148 1 7 -6 315 326
-2 -8 941 898 1 0 7 177 201 1 2 10 279 271 1 5-13 135 155 1 7 -4 554 562
-2 -7 706 665 1 0 8 192 226 1 2 11 459 454 1 5-12 218 204 1 7 -3 205 207
-2 -6 173 131 1 0 9 461 410 1 2 12 132 137 1 5-11 111 114 1 7 -2 474 481
-2 -5 508 537 1 0 10 456 457 1 2 13 258 259 1 5-10 119 116 1 7 -1 297 302
C18
K L Fobs Fcalc K K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc
7 0 137 121 1 9 15 225 224 1 12 11 109 115 1 17 6 133 120 2-12 -8 415 427
7 1 132 127 1 9 17 152 129 1 12 12 252 249 1 17 7 229 228 2-12 -7 240 244
7 2 739 661 1 9 IB 94 86 1 12 13 126 120 1 17 8 76 75 2-12 -6 185 194
7 3 638 638 I 9 19 82 74 1 12 14 190 179 1 17 9 203 210 2-12 -5 275 266
7 4 297 256 1 10-11 60 63 1 12 15 172 179 2-17 -8 •144 147 2-12 -3 269 248
7 5 204 189 1 10 -9 94 86 1 12 17 123 115 2-17  -7 117 132 2-12  -2 177 179
7 6 256 236 1 10 -8 112 102 1 13 -8 158 171 2-17  -6 167 193 2-12 -1 150 126
7 7 393 362 1 10 -6 234 238 1 13 -7 70 59 2-17  -4 163 161 2-12  0 259 257
7 8 197 201 1 10 -4 49 46 1 13 -6 197 205 2-17 -2 158 159 2-12  1 167 158
7 9 229 236 1 10 -3 147 138 1 13 -5 165 171 2-16-11 168 184 2-12  3 172 181
7 10 276 245 1 10 -2 166 153 1 13 -4 304 326 2-16 -10 106 108 2-12  4 136 125
7 12 379 373 I 10 -1 60 73 1 13 -3 246 254 2-1 6  -9 180 177 2-1 2  6 61 59
7 13 241 242 1 10 0 262 268 1 13 -2 261 288 2-16 -7 267 273 2-12  10 91 90
7 14 251 258 1 10 1 156 163 1 13 -1 242 249 2-16 -5 233 248 2-11 -17 17B 182
7 15 132 157 1 10 3 102 109 1 13 0 178 195 2-16  -4 132 112 2-11-16 130 150
7 16 239 236 1 10 4 82 69 1 13 1 174 174 2-16 -3 226 232 2-11 -15 200 185
7 17 147 162 1 10 5 64 54 1 13 2 133 143 2-16 -2 199 214 2-11-13 321 302
7 IB 242 270 1 10 6 123 141 1 13 3 276 252 2-16  -1 106 100 2-11-12 200 193
7 19 129 122 1 10 7 379 375 1 13 5 72 52 2-16  0 94 83 2-11-11 152 152
7 20 153 154 1 10 8 263 253 1 13 6 126 112 2-16  2 99 90 2 -11-10 58 52
8-14 127 103 1 10 9 124 112 1 13 8 213 225 2-15-12 75 68 2-11 -9 99 89
8-13 157 177 1 10 10 362 365 1 13 10 132 148 2-15 -10 213 226 2-11 -8 240 259
8-12 97 99 1 10 12 361 340 1 13 11 61 52 2-15  -8 187 196 2-11 -6 484 488
8-11 275 282 1 10 13 226 245 1 13 12 102 71 2-15  -7 113 115 2-11 -5 382 379
B -9 112 109 1 10 14 137 137 1 13 14 140 115 2-1 5  -6 154 161 2-11 -4 442 448
8 -7 190 195 1 10 15 164 166 1 13 16 107 99 2-1 5  -5 191 182 2-11 -3 370 355
8 -6 174 138 1 10 16 137 140 1 14 -7 163 194 2-15 -4 136 126 2-11 -2 431 435
8 -5 327 315 1 10 17 116 99 1 14 -6 122 114 2-15 -3 174 175 2-11 -1 465 457
8 -4 256 258 1 10 18 126 131 1 14 -5 227 247 2-15  -2 70 63 2-11 0 375 375
8 -3 93 104 1 10 19 117 124 1 14 -4 222 227 2-1 5  -1 231 259 2-11 1 509 528
8 -2 188 164 1 11-11 81 81 1 14 -3 153 173 2-15  1 233 237 2-11 2 138 154
8 -1 411 348 1 11-10 87 98 1 14 -2 278 293 2-1 5  2 89 96 2-11 3 214 218
8 0 63 73 1 11 -9 197 188 1 14 -1 105 109 2-15  3 81 73 2-11 4 80 64
8 1 61 40 1 11 -7 223 230 1 14 0 266 269 2 -1 5  4 151 159 2-11 5 92 71
8 2 445 418 1 11 -6 103 100 1 14 1 158 164 2-14 -9 69 61 2-11 7 ,173 170
8 4 62 81 1 11 -5 140 153 1 14 2 332 323 2-14  -8 154 145 2-11 8 89 99
8 5 255 244 1 11 -3 401 406 1 14 3 94 120 2-14 -4 127 129 2-11 11 123 106
8 6 444 385 1 11 -2 178 172 1 14 5 65 46 2-14  -2 131 128 2-10 -16 144 126
8 7 282 282 1 11 -1 120 125 1 14 6 220 216 2-14  1 169 177 2-1 0 -1 5 183 180
8 8 256 262 1 11 0 197 198 1 14 7 103 123 2-14  2 194 197 2-10 -14 96 86
8 9 327 299 1 11 1 60 66 1 14 8 128 147 2-14 3 148 152 2-1 0 -1 3 281 267
8 10 210 201 1 11 2 335 325 1 14 10 197 200 2-14  4 151 170 2 -1 0-1 0 69 68
8 11 176 156 1 11 4 149 144 1 14 12 131 121 2-14 5 146 145 2-10 -9 304 292
8 12 206 185 1 11 5 172 160 1 14 13 67 79 2-14  7 129 119 2-10 -8 83 112
8 13 204 198 1 11 6 148 146 1 15 -5 139 139 2-13-14 133 120 2-10 -7 109 121
8 14 143 127 1 11 8 87 89 I 15 -3 254 262 2-13 -13 81 83 2-10 -5 89 73
8 15 201 210 1 11 9 226 233 1 15 -1 299 303 2-1 3-1 2 192 200 2-10 -4 100 89
8 18 104 109 1 11 10 159 145 1 15 0 235 245 2-13-11 194 215 2-10  -3 392 362
B 20 103 98 1 11 11 527 521 1 15 1 266 291 2-13 -9 188 159 2-10 -2 315 322
9-12 19B 223 1 11 12 108 110 1 15 2 277 283 2-13  -8 180 174 2-10 -1 73 71
9-11 152 164 1 11 13 266 271 1 15 4 390 390 2-1 3  -7 134 143 2-10 0 360 341
9-10 131 124 1 11 14 231 232 1 15 5 126 109 2-13  -6 175 192 2-10  I 44 37
9 -8 122 140 1 11 15 109 n o 1 15 6 199 209 2 - 1 3 - 5 291 307 2-10  2 549 545
9 -7 165 151 1 11 16 149 146 1 15 11 83 67 2-13 -4 237 232 2-10 3 313 293
9 -5 161 15B 1 11 18 130 131 1 15 12 135 154 2-13 -3 131 129 2-10 4 352 357
9 -3 69 80 1 12-10 153 151 1 16 -2 145 162 2-13  -2 156 123 2-10 5 303 322
9 -1 233 228 1 12 -8 63 56 1 16 -1 161 175 2-13  -1 166 159 2-10  6 201 19B
9 0 166 160 1 12 -7 133 142 1 16 0 105 107 2-13  2 155 146 2-10 8 156 136
9 1 610 571 1 12 -6 197 217 1 16 1 259 267 2-13 3 65 83 2-10 9 171 158
9 2 542 490 1 12 -5 145 159 1 16 3 346 330 2-1 3  5 99 86 2-10 11 121 110
9 3 280 249 1 12 -4 103 111 1 16 5 199 201 2-13 7 156 150 2-10  12 64 61
9 4 576 532 1 12 0 84 89 1 16 7 252 257 2-13  9 103 94 2 -9 -1 8 145 130
9 5 143 129 1 12 1 147 149 1 16 9 199 202 2-1 2 -1 6 109 95 2 -9 -1 7 94 90
9 6 567 512 1 12 2 152 151 1 16 10 90 94 2 -1 2 -1 5 235 248 2 --9 -1 6 127 159
9 7 141 172 1 12 3 113 99 1 16 11 73 57 2-12-14 101 96 2 -9 -1 4 236 248
9 8 522 493 1 12 4 297 294 1 16 12 89 99 2 -1 2 -1 3 242 241 2 -9 -1 3 232 237
9 9 261 283 1 12 5 144 162 1 17 2 165 171 2-1 2 -1 2 367 380 2 -9 -1 2 302 299
9 10 299 290 1 12 6 253 251 1 17 3 116 121 2-12-11 93 72 2 -9 -1 1 68 87
9 11 195 199 1 12 8 257 225 1 17 4 153 139 2-12 -10 349 339 2 -9 -1 0 337 330
9 12 114 127 1 12 10 130 109 1 17 5 189 206 2-12  -9 103 H I 2 -9  -9 262 253
C19
Values of lOtFobs and 10»Fcalc
H K L Fobs Fcalc H K L Fobs
2 -9 -6 72 67 2 -6 -17 82
2 -9 -5 129 102 2 -6 '-12 330
2 -9 -4 177 163 2 -6 -11 287
2 -9 -3 122 94 2 -6 '-10 259
2 -9 -1 305 284 2 -6 -9 164
2 -9 0 68 61 2 -6 -8 112
2 -9 2 234 228 2 -6 -7 427
2 -9 3 82 89 2 -6 -6 253
2 -9 4 364 376 2 -6 -5 740
2 -9 3 107 92 2 -6 -4 346
2 -9 6 238 245 2 -6 -2 493
2 -9 8 302 301 2 -6 -1 398
2 -9 9 93 93 2 -6 0 269
2 -9 10 161 152 2 -6 2 394
2 -9 12 53 39 2 -6 3 44
2 -9 13 117 118 2 -6 4 709
2 -8 -■17 150 169 2 -6 5 274
2 -8 -■15 283 275 2 -6 6 654
2 -8 -■14 184 182 2 -6 7 396
2 -8 -•13 53 41 2 -6 8 111
2 -8 --11 161 151 2 -6 9 206
2 -B-■10 632 615 2 -6 10 99
2 -8 -9 63 56 2 -6 11 397
2 -8 -8 621 593 2 -6 12 136
2 -8 -6 478 464 2 -6 13 316
2 -8 -4 270 286 2 -6 14 97
2 -8 -3 283 273 2 -6 15 186
2 -8 -2 151 167 2 -5 -•17 70
2 -8 -1 344 309 2 -5 -•14 22B
2 -8 0 151 132 2 -5 -■13 471
2 -8 1 213 230 2 -5 -•11 190
2 -B 2 49 46 2 -5 -■10 186
2 -8 3 108 137 2 -5 -9 345
2 -B 4 51 66 2 -5 -8 463
2 -B 5 317 330 2 -5 -7 175
2 -8 6 285 290 2 -5 -6 436
2 -8 7 361 355 2 -5 -4 1068
2 -B 8 106 97 2 -5 -3 451
2 -8 9 184 178 2 -5 -2 194
2 -B 10 129 143 2 -5 -1 294
2 -8 11 218 204 2 -5 1 558
2 -B 12 135 151 2 -5 3 927
2 -7 -•18 108 112 2 -5 4 429
2 -7 - 16 133 117 2 -5 5 229
2 -7 -•14 74 76 2 -5 6 505
2 -7 - 13 286 275 2 -5 7 261
2 -7 -•12 217 214 2 -5 8 563
2 -7 - 10 199 172 2 -5 10 483
2 -7 -9 410 398 2 -5 11 238
2 -7 -8 248 240 2 -5 12 242
2 -7 -7 212 204 2 *5 14 124
2 -7 -6 760 689 2 -5 15 223
2 -7 -5 93 68 2 -5 17 154
2 -7 -4 1456 1371 2 - 4 - 19 98
2 -7 -3 117 131 2 -4 -■15 73
2 -7 -2 364 363 2 - 4 - 13 145-
2 -7 -1 181 157 2 -4 - 12 132
2 -7 0 768 736 2 -4 -9 138
2 -7 1 111 112 2 -4 -8 138
2 -7 2 566 590 2 -4 -6 154
2 -7 3 70 B6 2 -4 -4 498
2 -7 4 521 521 2 -4 -3 116
2 -7 5 91 107 2 -4 -2 481
2 -7 7 366 347 2 -4 -1 476
2 -7 8 144 135 2 -4 0 692
2 -7 9 441 468 2 -4 1 435
2 -7 10 88 96 2 -4 2 535
2 -7 11 235 234 2 -4 4 321
2 -7 12 78 102 2 -4 5 281
2 -7 13 264 278 2 -4 6 149
:ca lc H K L Fobs Fcalc H K L
91 2 -4 7 277 310 2 -2 17
315 2 -4 9 50 30 2 -1 -18
300 2 -4 11 94 B7 2 -1 -17
255 2 -4 12 81 92 2 -1 -16
162 2 -4 13 72 59 2 -1 -1 5
120 2 -4 14 108 97 2 - I - -14
422 2 -4 16 212 210 2 -1 -13
246 2 -4 18 126 124 2 -1--11
699 2 -3--18 116 119 2 -1 -10
325 2 -3--16 142 144 2 -1 -9
411 2 -3--15 146 151 2 -1 -B
348 2 -3 -■13 62 60 2 -1 -7
263 2 -3--11 57 67 2 -1 -6
387 2 -3 -8 400 351 2 -1 -5
70 2 -3 -7 337 301 2 -1 -4
678 2 -3 -6 401 374 2 -1 -3
228 2 -3 -5 56 33 2 -1 -2
645 2 -3 -4 493 471 2 -1 -1
386 2 -3 -3 292 296 2 -1 0
111 2 -3 -2 246 239 2 -1 1
206 2 -3 -1 909 855 2 -1 2
82 2 -3 0 366 307 2 -1 3
404 2 -3 1 801 762 2 -1 4
135 2 -3 2 976 997 2 -1 5
313 2 -3 3 322 379 2 -1 6
103 2 -3 4 697 701 2 -1 7
1B1 2 -3 5 127 105 2 -1 8
66 2 -3 6 553 593 2 -1 9
245 2 -3 7 147 135 2 -1 10
472 2 -3 B 128 155 2 -1 11
189 2 -3 9 331 342 2 -1 12
1B0 2 -3 10 89 80 2 -1 13
315 2 -3 11 147 166 2 -1 14
430 2 -3 12 238 239 2 -1 15
160 2 -3 13 298 297 2 -1 16
370 2 -3 15 208 206 2 -1 17
994 2 -3 17 128 119 2 -1 18
443 2 -3 18 85 94 2 -1 19
223 2 -2 -■17 228 245 2 0-■17
238 2 -2 -1 6 122 126 2 0-■15
540 2 -2 -■15 221 197 2 0--14
903 2 -2 - 14 394 402 2 0-•13
389 2 -2 -■13 162 155 2 0--12
230 2 - 2 - 12 353 360 2 0-■10
510 2 -2 -•11 66 63 2 0 -9
242 2 - 2 - 10 317 294 2 0 -8
556 2 -2 -9 175 174 2 0 -7
476 2 -2 -8 328 283 2 0 -6
247 2 -2 -7 136 100 2 0 -5
234 2 -2 -6 454 3B6 2 0 -4
117 2 -2 -5 50 73 2 0 -3
229 2 -2 -4 760 650 2 0 -2
145 2 -2 -3 91 124 2 0 -1
82 2 -2 -2 45 41 2 0 0
84 2 -2 -1 1091 985 2 0 1
124 2 -2 0 270 328 2 0 2
148 2 -2 1 1984 1916 2 0 3
146 2 -2 2 852 772 2 0 4
110 2 -2 3 63 152 2 0 5
139 2 -2 4 460 483 2 0 6
449 2 -2 5 262 250 2 0 7
107 2 -2 6 756 824 2 0 B
474 2 -2 7 220 251 2 0 9
448 2 -2 8 561 550 2 0 10
617 2 -2 10 331 309 2 0 11
447 2 -2 11 121 140 2 0 12
555 2 -2 12 204 216 2 0 13
343 2 -2 13 248 245 2 0 14
236 2 -2 14 88 98 2 0 15
138 2 -2 15 142 146 2 0 16
Fobs Fcalc H K L
Page 5 
Fobs Fcalc
60 62 2 0 18 133 145
•156 158 2 1-17 84 86
126 135 2 1-16 71 77
184 185 2 1-12 364 359
217 235 2 1-11 105 114
260 268 2 1-10 180 176
589 589 2 1 -9 136 147
574 5B8 2 1 -8 264 271
240 259 2 1 -7 42 59
252 229 2 1 -5 45 83
231 243 2 1 -4 68 96
B58 833 2 1 -3 454 330
213 209 2 1 -2 427 248
465 475 2 1 -1 745 504
264 320 2 1 0 893 653
486 390 2 1 1 117 121
479 501 2 1 2 716 532
409 429 2 1 3 182 32
1761 1709 2 1 4 93 114
1886 2012 2 1 5 1128 955
583 710 2 1 6 975 1128
1376 1572 2 1 7 317 401
546 422 2 1 8 572 547
408 507 2 1 9 630 597
98 122 2 1 10 744 719
236 255 2 1 12 308 340
90 49 2 1 13 337 343
555 548 2 1 14 175 162
518 516 2 1 15 234 225
364 359 2 1 17 147 139
330 343 2 1 19 94 85
80 82 2 2-17 *79 71
435 423 2 2-15 137 139
197 210 2 2-13 70 77
161 171 2 2-12 67 74
90 105 2 2-11 114 12B
109 81 2 2-10 282 285
78 78 2 2 -8 493 44B
74 77 2 2 -7 273 265
92 75 2 2 -6 268 235
172 172 2 2 -4 376 398
109 113 2 2 -3 1B7 132
116 108 2 2 -2 430 319
237 212 2 2 -1 533 650
397 366 2 2 0 2222 1820
105 135 2 2 1 1831 1941
1249 1177 2 2 2 1148 918
265 285 2 2 3 103 42
62 79 2 2 4 1096 958
144 132 2 2 5 612 551
495 506 2 2 6 711 812
415 428 2 2 7 235 304
331 326 2 2 8 349 333
354 418 2 2 9 75 52
527 655 2 2 10 488 491
659 824 2 2 11 329 350
604 845 2 2 12 530 528
1347 1174 2 2 13 140 138
B09 625 2 2 14 277 284
363 477 2 2 16 238 244
52 66 2 2 17 138 132
752 746 2 2 18 104 99
207 218 2 2 19 105 97
277 253 2 3-16 145 139
498 500 2 3-15 54 67
110 113 2 3-14 99 95
150 154 2 3-11 187 184
65 63 2 3 -9 202 1B6
166 182 2 3 -8 132 118
95 103 2 3 -7 284 252
C20
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H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc
2 3 -5 820 846 2 5 3 949 877 2 7 14 140 142 2 10 2 301 279 2 13 13 142 151
2 3 -4 690 544 2 5 5 589 545 2 7 19 104 96 2 10 3 > 75 76 2 13 17 65 60
2 3 -3 565 452 2 5 6 559 524 2 7 20 129 127 2 10 4 156 134 2 14 -6 159 158
2 3 -2 105 118 2 5 7 291 346 2 8--13 155 172 2 10 5 81 60 2 14 -5 133 128
2 3 0 930 969 2 5 8 134 128 2 8-■12 172 178 2 10 6 288 288 2 14 -4 134 144
2 3 1 86 78 2 5 9 138 127 2 8--11 150 141 2 10 7 298 291 2 14 -3 162 169
2 3 2 1231 1014 2 5 10 123 125 2 B-•10 379 374 2 10 8 248 260 2 14 -2 77 85
2 3 3 55 122 2 5 13 88 106 2 8 -9 204 221 2 10 9 329 324 2 14 -1 272 287
2 3 4 143 80 2 5 14 329 345 2 8 -8 361 372 2 10 10 146 120 2 14 1 180 194
2 3 6 194 188 2 5 15 199 223 2 8 -6 350 333 2 10 11 432 422 2 14 3 410 408
2 3 7 629 624 2 5 16 260 246 2 8 -5 190 171 2 10 12 180 179 2 14 4 282 273
2 3 8 146 153 2 5 19 80 94 2 8 -4 365 346 2 10 13 351 346 2 14 5 368 376
2 3 9 1103 1070 2 6-■15 92 98 2 8 -3 143 125 2 10 14 139 126 2 14 6 257 255
2 3 10 330 295 2 6-•14 119 115 2 8 -2 327 301 2 10 15 270 264 2 14 8 280 292
2 3 11 419 420 2 6-•12 62 58 2 8 -1 603 601 2 10 16 57 61 2 14 9 92 100
2 3 12 124 118 2 6-•11 90 87 2 8 0 139 152 2 10 17 218 211 2 14 10 102 65
2 3 13 294 29B 2 6-•10 252 242 2 8 1 477 449 2 10 IB 151 145 2 14 11 147 161
2 3 14 159 160 2 6 -9 194 196 2 8 2 324 281 2 11-■10 110 91 2 14 13 191 190
2 3 15 162 165 2 6 -8 113 101 2 8 3 343 338 2 11 -6 173 175 2 14 14 113 106
2 3 16 174 169 2 6 -7 127 144 2 B 4 373 344 2 11 -5 77 86 2 14 15 114 117
2 3 17 159 143 2 6 -5 193 204 2 8 5 107 111 2 11 -3 71 80 2 15 -4 181 166
2 3 18 197 185 2 6 -4 237 245 2 8 6 514 520 2 11 -2 131 125 2 15 -2 227 243
2 3 20 72 60 2 6 -3 75 86 2 8 7 365 358 2 11 -1 144 132 2 15 -1 66 70
2 4-■15 79 91 2 6 -2 306 248 2 8 8 218 241 2 11 0 216 223 2 15 0 212 223
2 4-•14 149 147 2 6 -1 521 447 2 8 9 389 397 2 11 1 250 231 2 15 1 139 149
2 4-•12 134 132 2 6 0 254 229 2 8 10 341 336 2 11 2 102 82 2 15 2 311 290
2 4-•11 183 178 2 6 1 207 221 2 8 12 327 342 2 11 3 273 264 2 15 3 128 106
2 4-■10 83 78 2 6 2 371 363 2 8 13 101 103 2 11 4 118 119 2 15 4 288 300
2 4 -8 206 208 2 6 3 475 430 2 8 14 112 111 2 11 5 76 B0 2 15 5 283 290
2 4 -7 292 319 2 6 4 561 513 2 8 15 271 260 2 11 7 239 243 2 15 6 209 199
2 4 -6 104 110 2 6 5 121 137 2 B 16 10B 107 2 11 9 126 125 2 15 7 273 283
2 4 -5 49 66 2 6 6 252 242 2 8 19 125 98 2 11 11 189 191 2 15 9 .1 3 0 129
2 4 -4 136 156 2 6 7 453 433 2 9- 13 141 166 2 11 12 90 94 2 15 10 160 153
2 4 -3 221 152 2 6 8 348 330 2 9-•11 235 243 2 11 13 161 162 2 15 14 143 135
2 4 -2 561 413 2 6 9 78 66 2 9 -9 398 417 2 11 14 97 113 2 15 15 102 119
2 4 -1
1
1490 1512 2 6 10 295 269 2 9 -8 161 166 2 11 16 238 231 2 16 -1 110 104
2 4 1008 895 2 6 11 206 205 2 9 -7 251 237 2 11 17 101 102 2 16 0 137 146
2 4 2 1125 940 2 6 12 116 130 2 9 -6 205 200 2 11 18 67 72 2 16 1 101 100
2 4 3 500 492 2 6 13 120 107 2 9 -5 205 211 2 11 19 133 135 2 16 2 241 238
2 4 4 164 204 2 6 14 57 50 2 9 -4 255 271 2 12 -6 158 157 2 16 4 242 241
2 4 5 315 294 2 6 15 64 62 2 9 -3 156 166 2 12 -4 217 212 2 16 5 123 124
2 4 6 253 216 2 6 16 334 346 2 9 -2 326 320 2 12 -2 164 151 2 16 6 274 267
2 4 7 51 20 2 6 18 174 181 2 9 -1 86 73 2 12 0 284 289 2 16 7 230 220
2 4 8 293 253 2 6 20 166 152 2 9 0 348 336 2 12 1 65 67 2 16 8 245 234
2 4 9 155 149 2 7-•14 172 160 2 9 2 530 494 2 12 3 293 288 2 16 9 163 160
2 4 10 295 246 2 7-■12 254 248 2 9 3 125 127 2 12 4 137 143 2 16 10 139 124
2 4 U 480 501 2 7-•11 119 126 2 9 4 393 376 2 12 5 304 297 2 16 11 134 124
2 4 12 94 118 2 7-■10 111 110 2 9 5 203 192 2 12 9 82 74 2 16 13 117 112
2 4 13 247 246 2 7 -9 123 107 2 9 6 318 296 2 12 11 86 91 2 17 1 136 134
2 4 14 48 42 2 7 -8 65 55 2 9 7 461 436 2 12 12 176 155 2 17 2 90 98
2 4 15 164 190 2 7 -7 150 124 2 9 8 65 68 2 12 13 201 205 2 17 3 149 115
2 4 16 108 120 2 7 -6 299 302 2 9 9 120 135 2 12 16 58 60 2 17 4 134 121
2 4 17 218 222 2 7 -5 123 131 2 9 11 161 152 2 12 18 110 109 2 17 5 136 126
2 4 20 87 79 2 7 -4 98 100 2 9 13 315 320 2 13 -8 95 83 2 17 6 178 200
2 5-■15 138 121 2 7 -3 557 515 2 9 14 252 256 2 13 -7 218 213 2 17 7 102 94
2 5-■14 87 84 2 7 -2 54 31 2 9 16 180 184 2 13 -5 133 124 2 17 8 144 152
2 5-•13 84 87 2 7 -1 203 162 2 9 18 186 1B5 2 13 -3 255 267 2 17 9 150 136
2 5-■12 191 193 2 7 0 347 354 2 9 20 84 76 2 13 -1 384 398 2 17 10 233 220
2 5-■11 258 250 2 7 1 402 333 2 10- 12 107 90 2 13 0 280 278 3-•17 -5 241 254
2 5 -9 188 174 2 7 2 139 93 2 10-■11 167 153 2 13 1 120 126 3--17 -3 240 244
2 5 -7 207 211 2 7 3 602 600 2 10 -9 226 241 2 13 2 410 389 3 r l7 -1 135 160
2 5 -6 98 59 2 7 4 52 29 2 10 -8 69 57 2 13 3 300 289 3--16-■10 217 225
2 5 -5 104 98 2 7 5 3B9 391 2 10 -7 192 211 2 13 4 97 91 3--16 -9 173 189
2 5 -4 97 67 2 7 6 283 265 2 10 -6 52 48 2 13 5 110 129 3--16 -8 292 286
2 5 -3 339 310 2 7 7 447 417 2 10 -5 311 341 2 13 7 219 218 3--16 -6 277 290
2 5 -2 504 451 2 7 8 380 385 2 10 -3 380 377 2 13 8 59 61 3--16 -4 177 192
2 5 -1 212 99 2 7 10 322 316 2 10 -2 280 292 2 13 9 145 155 3-■16 -2 238 239
2 5 0 510 562 2 7 11 121 90 2 10 -1 213 229 2 13 10 108 128 3--16 -1 163 185
2 5 1 861 718 2 7 12 268 281 2 10 0 219 219 2 13 11 285 294 3--16 0 229 247
2 5 2 184 107 2 7 13 152 150 2 10 1 205 214 2 13 12 153 141 3--16 1 192 195
C21
Values of 10*Fobs and lO tFca lc
H K L Fobs Fcalc H K L Fobs Fcalc H K L
3-15--12 136 139 3-11 -12 342 355 3 -9 9
3-15--11 169 182 3-11-•11 174 205 3 -9 11
3-15--10 94 73 3-11--10 334 344 3 -9 14
3-15 -9 278 295 3-11 -9 187 172 3 -8 --18
3-15 -7 344 354 3-11 -8 168 170 3 -8--16
3-15 -6 150 133 3-11 -7 272 281 3 -8 -■14
3-15 -5 227 247 3-11 -6 298 315 3 -B--12
3-15 -4 279 288 3-11 -5 416 424 3 -B-■11
3-15 -3 212 207 3-11 -3 506 503 3 -8--10
3-15 -2 305 311 3-11 -2 268 283 3 -8 -9
3-15 0 423 425 3-11 -1 301 289 3 -8 -8
3-15 1 129 145 3-11 0 344 334 3 -8 -7
3-15 2 355 377 3-11 1 294 298 3 -8 -6
3-15 3 123 124 3-11 2 263 267 3 -8 -5
3-15 4 205 214 3-11 3 226 231 3 -8 -4
3-15 5 137 141 3-11 4 299 295 3 -8 -3
3-15 6 121 104 3-11 5 67 89 3 -8 -2
3-14 -7 115 113 3-11 6 220 230 3 -8 -1
3-14 -6 117 104 3-11 8 174 172 3 -8 0
3-14 -5 172 162 3-11 9 101 117 3 -B 1
3-14 -4 109 n o 3-11 10 68 61 3 -8 2
3-14 -3 270 260 3-11 11 139 149 3 -8 3
3-14 -1 196 201 3-10--17 69 59 3 -8 4
3-14 0 75 77 3-10-■13 210 214 3 -8 5
3-14 2 230 242 3-10-■12 210 223 3 -B 7
3-14 3 86 82 3-1 0- 11 167 159 3 -8 8
3-14 4 170 159 3-10-■10 257 250 3 -8 10
3-14 6 131 117 3-10 -9 133 146 3 -8 11
3-14 8 108 69 3-10 -8 365 333 3 -8 12
3 -1 3 -•13 71 58 3-10 -7 146 138 3 -8 13
3-13-•12 127 105 3-10 -6 156 177 3 -8 14
3 -1 3 -■10 163 186 3-10 -4 233 21B 3 -7 -•17
3-13 -8 174 173 3-10 -3 281 284 3 -7 -•15
3-13 -6 80 72 3-10 -1 65 57 3 -7 -•14
3-13 -5 165 176 3-10 0 101 109 3 -7 -•12
3-13 -3 15B 163 3-10 1 167 165 3 -7 - •11
3-13 -2 138 128 3-10 2 113 140 3 -7 -•10
3-13 -1 295 294 3-10 3 250 254 3 -7 -8
3-13 0 118 143 3-10 4 53 48 3 -7 -7
3-13 1 176 168 3-10 5 471 488 3 -7 -6
3-13 4 249 253 3-10 6 157 161 3 -7 -5
3-13 5 71 81 3-10 7 255 250 3 -7 -4
3-13 6 192 190 3-10 8 204 213 3 -7 -3
3-13 8 150 134 3-10 10 93 94 3 -7 -2
3-13 9 71 81 3-10 11 54 59 3 -7 -1
3-13 10 13B 149 3-10 12 93 102 3 -7 0
3-12-■14 83 82 3 -9 -■17 135 135 3 -7 1
3 -1 2 -■12 85 87 3 -9 - •16 182 182 3 -7 3
3-12-•11 189 192 3 -9 -•15 180 185 3 -7 4
3 -1 2 -•10 221 224 3 -9 - •13 293 306 3 -7 6
3-12 -9 385 391 3 -9 -•12 194 198 3 -7 8
3-12 -7 275 285 3 -9 - 11 453 449 3 -7 9
3-12 -6 166 185 3 -9 -■10 74 74 3 -7 10
3-12 -5 216 224 3 -9 -9 267 260 3 -7 11
3-12 -4 231 214 3 -9 -8 317 320 3 -7 12
3-12 -3 158 171 3 -9 -7 281 285 3 -7 13
3-12 -2 235 237 3 -9 -6 397 405 3 -7 14
3-12 0 60 48 3 -9 -5 140 148 3 -7 16
3-12 1 128 139 3 -9 -4 334 320 3 -6 -■18
3-12 2 299 280 3 -9 -3 220 209 3 -6 - 16
3-12 3 107 91 3 -9 -2 111 153 3 -6 -■14
3-12 4 271 277 3 -9 -1 232 213 3 -6 -■12
3-12 5 77 81 3 -9 0 372 352 3 -6 -•10
3-12 6 53 59 3 -9 1 138 154 3 -6 -9
3-12 7 77 90 3 -9 2 415 455 3 -6 -8
3-12 9 79 87 3 -9 3 75 83 3 -6 -7
3-12 11 119 124 3 -9 5 173 178 3 -6 -6
3 -1 1 - 15 128 146 3 -9 6 266 246 3 -6 -4
3 -1 1 -•14 140 147 3 -9 7 358 379 3 -6 -3
3 -1 1 - 13 194 214 3 -9 8 156 153 3 -6 -2
Fobs Fcalc H K L Fobs Fcalc H K L
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Fobs Fcalc
380 392 3 -6  -1 586 505 3 -4  8 216 251
192 193 3 -6  0 1237 1175 3 -4  9 46 51
77 76 3 -6  1 '3 8 0 379 3 -4  10 256 260
88 88 3 -6  2 242 215 3 -4  11 180 197
194 199 3 -6  3 345 355 3 -4  12 230 246
163 155 3 -6  4 24B 232 3 -4  13 281 283
139 146 3 - 6  5 513 538 3 -4  14 70 77
84 77 3 -6  6 91 59 3 -4  15 210 220
176 179 3 -6  7 535 538 3 -4  17 B3 90
441 421 3 -6  8 128 137 3 -3 -1 7 115 127
96 108 3 -6  9 297 322 3 -3 -1 6 79 90
496 484 3 -6  10 174 146 3 -3 -1 4 12B 124
140 133 3 -6  12 121 132 3 -3 -1 2 117 120
307 280 3 -6  14 21B 215 3 -3 -1 1 391 393
103 119 3 -6  15 99 105 3 -3  -9 378 395
346 299 3 -6  16 192 182 3 -3  -8 93 100
191 168 3 -5 -1 7 121 134 3 -3  -7 465 441
273 308 3 -5 -1 6 154 150 3 -3  -6 104 133
109 91 3 -5 -1 5 132 125 3 -3  -5 1198 1120
134 129 3 -5 -1 4 169 174 3 -3  -4 261 22B
114 104 3 -5 -1 3 91 109 3 -3  -2 392 286
332 313 3 -5 -1 2 179 175 3 -3  -1 617 458
137 134 3 -5 -1 1 141 110 3 - 3  0 330 193
71 64 3 -5 -1 0 323 310 3 -3  1 312 391
180 174 3 -5  -9 119 112 3 - 3  2 214 320
10B 106 3 -5  -8 345 304 3 -3  3 372 380
171 167 3 -5  -7 274 273 3 -3  4 290 318
225 240 3 -5  -6 125 123 3 -3  5 341 314
172 161 3 -5  -5 448 451 3 -3  6 289 262
158 165 3 - 5 - 4 600 544 3 -3  7 430 436
101 105 3 -5  -3 523 488 3 -3  8 151 156
122 113 3 -5  -2 95 123 3 -3  9 167 165
61 46 3 -5  -1 265 250. 3 -3  11 '1 5 2 164
194 198 3 - 5  0 371 342 3 -3  12 242 260
285 291 3 -5  2 1046 1040 3 -3  15 8B 75
493 510 3 -5  3 369 356 3 -3  16 96 91
320 324 3 -5  4 771 776 3 -2 -1 8 125 130
206 190 3 - 5  5 372 389 3 -2 -1 7 142 150
63 64 3 -5  6 707 683 3 -2 -1 6 117 108
355 366 3 -5  7 146 155 3 -2 -1 5 58 51
320 294 3 - 5  8 516 536 3 -2 -1 3 149 140
576 552 3 -5  9 377 390 3 -2 -1 1 331 336
700 666 3 -5  10 102 97 3 -2 -1 0 58 76
477 467 3 -5  11 271 286 3 -2  -9 206 196
506 449 3 -5  13 344 348 3 -2  -8 79 91
247 238 3 -5  14 146 146 3 -2  -6 100 125
415 410 3 -5  15 62 55 3 -2  -5 69 53
577 566 3 -5  16 143 150 3 -2  -3 76 77
342 335 3 -5  18 143 130 3 -2  -2 265 229
167 171 3 -4 -1 5 83 79 3 - 2  0 746 93B
56 71 3 -4 -1 3 286 285 3 -2  1 508 298
97 B5 3 -4 -1 2 82 77 3 -2  2 398 264
254 246 3 -4 -1 1 149 150 3 -2  3 104 173
61 54 3 -4 -1 0 93 85 3 -2  4 480 412
165 152 3 -4  -9 129 100 3 -2  5 233 227
157 145 3 -4  -8 209 206 3 -2  7 46 46
244 237 3 -4  -7 93 102 3 -2  8 314 346
181 180 3 -4  -6 330 317 3 -2  9 255 264
121 108 3 -4  -5 501 480 3 -2  10 172 157
108 121 3 -4  -4 408 403 3 -2  11 324 328
115 117 3 -4  -3 503 446 3 -2  13 52 40
67 62 3 -4  -2 62 19 J  -2  16 222 229
193 208 3 -4  -1 360 404 3 -2  18 122 n o
298 286 3 -4  1 412 431 3 -2  19 121 110
111 102 3 -4  2 159 160 3 -1 -1 6 63 65
438 412 3 -4  3 144 135 3 -1 -1 5 91 94
413 370 3 -4  4 161 190 3 -1 -1 4 205 220
143 130 3 -4  5 263 276 3 -1 -1 3 113 122
242 261 3 - 4  6 668 645 3 -1 -1 2 215 204
653 605 3 -4  7 218 238 3 -1 -1 0 204 199
C22
Values of lOtFobs and 10«Fcalc
H K L Fobs Fcalc H K L Fobs
3 -1 -8 314 305 3 1 -3 724
3 -1 -7 580 553 3 1 -2 930
3 -1 -6 332 248 3 1 -1 151
3 -1 -5 143 96 3 1 0 1116
3 -1 -4 529 411 3 1 1 439
3 -1 -3 304 236 3 1 2 1782
3 -1 -2 481 390 3 1 3 333
3 -1 -1 747 676 3 1 4 430
3 -1 0 257 115 3 1 5 231
3 - I 1 348 542 3 1 8 899
3 -1 2 410 146 3 1 9 587
3 -1 3 1492 1269 3 1 10 347
3 -1 4 530 353 3 1 11 398
3 -1 5 271 377 3 1 12 346
3 -1 6 120 120 3 1 13 247
3 -1 7 619 633 3 1 14 146
3 - I 8 141 153 3 1 15 110
3 -1 10 255 248 3 1 16 191
3 -1 11 12B 152 3 1 IB 110
3 -1 12 435 473 3 1 20 126
3 -1 13 131 149 3 2--17 67
3 -1 14 385 403 3 2--15 89
3 -1 15 423 428 3 2-■14 11B
3 -1 16 154 168 3 2--13 107
3 -1 17 278 297 3 2-■12 102
3 -1 19 120 118 3 2--11 86
3 0-•17 117 95 3 2-■10 109
3 0--16 170 171 3 2 -9 276
3 0-•15 203 192 3 2 -B 207
3 0--14 105 114 3 2 -7 355
3 0-■13 108 93 3 2 -6 115
3 0--12 225 246 3 2 -5 542
3 0-■11 101 94 3 2 -4 851
3 0-•10 87 85 3 2 -3 258
3 0 -9 169 161 3 2 -2 186
3 0 -8 167 174 3 2 -1 460
3 0 -6 738 715 3 2 0 56
3 0 -5 190 163 3 2 1 454
3 0 -4 665 628 3 2 2 488
3 0 -3 364 316 3 2 3 275
3 0 -2 842 703 3 2 4 231
3 0 -1 7B 57 3 2 5 235
3 0 0 276 285 3 2 6 212
3 0 1 1663 1490 3 2 7 68
3 0 2 1543 1370 3 2 8 234
3 0 3 260 404 3 2 9 78
3 0 4 101 204 3 2 10 331
3 0 5 136 63 3 2 11 230
3 0 6 365 420 3 2 12 235
3 0 8 283 290 3 2 13 316
3 0 9 155 150 3 2 14 98
3 0 10 41 36 3 2 15 92
3 0 11 155 162 3 2 16 160
3 0 12 270 280 3 2 17 154
3 0 14 373 365 3 2 IB 61
3 0 15 86 84 3 2 19 116
3 0 16 110 111 3 3-■15 135
3 0 17 51 56 3 3-•14 69
3 0 18 109 117 3 3-■13 159
3 0 19 150 163 3 3-■12 133
3 1- 16 174 178 3 3- 11 147
3 l -■14 249 249 3 3-■10 135
3 l - 13 178 162 3 3 -9 150
3 1-•12 170 155 3 3 -8 252
3 1-•10 165 185 3 3 -7 265
3 1 -9 245 248 3 3 -6 174
3 1 -7 7B5 752 3 3 -4 424
3 1 -6 193 180 3 3 -2 51
3 I -5 556 562 3 3 -1 46
3 1 -4 121 158 3 3 0 416
:ca lc H K L Fobs Fcalc H K L
696 3 3 1 681 633 3 5 8
863 3 3 2 440 442 3 5 10
120 3 3 3 194 199 3 5 11
1086 3 3 4 574 529 3 5 13
462 3 3 5 177 192 3 5 14
1923 3 3 6 402 412 3 5 15
410 3 3 7 144 174 3 5 16
375 3 3 8 84 63 3 5 17
296 3 3 9 500 538 3 5 19
944 3 3 10 359 377 3 5 20
556 3 3 11 79 113 3 6-15
343 3 3 12 288 281 3 6-14
44B 3 3 14 358 371 3 6-13
353 3 3 15 106 112 3 6-12
260 3 3 16 167 188 3 6-11
138 3 3 17 187 193 3 6 -9
113 3 3 IB 132 125 3 6 -8
192 3 3 20 111 91 3 6 -6
93 3 4-■16 125 116 3 6 -5
118 3 4 -14 99 91 3 6 -4
54 3 4-■13 143 130 3 6 -3
98 3 4 ■12 109 90 3 6 -2
100 3 4-■11 218 221 3 6 0
113 3 4-•10 126 134 3 6 1
88 3 4 -8 215 196 3 6 2
90 3 4 -5 193 143 3 6 3
107 3 4 -4 247 232 3 6 4
259 3 4 -3 275 268 3 6 5
189 3 4 -2 809 806 3 6 6
356 3 4 -1 681 555 3 6 7
132 3 4 0 241 215 3 6 8
543 3 4 1 46 26 3 6 9
763 3 4 2 94 130 3 6 10
219 3 4 3 143 124 3 6 11
186 3 4 4 685 667 3 6 12
442 3 4 5 516 498 3 6 13
27 3 4 6 199 236 3 6 14
351 3 4 7 288 273 3 6 16
48B 3 4 8 568 557 3 6 17
226 3 4 9 295 279 3 6 IB
228 3 4 11 180 200 3 6 19
258 3 4 12 359 357 3 6 21
224 3 4 13 120 128 3 7-14
56 3 4 14 229 247 3 7-13
256 3 4 15 72 88 3 7-11
43 3 4 16 194 184 3 7 -9
297 3 4 18 148 144 3 7 -7
257 3 4 20 89 84 3 7 -6
220 3 4 21 99 66 3 7 -5
311 3 5-•15 89 72 3 7 -4
99 3 5 - 14 104 97 3 7 -3
102 3 5-■11 85 93 3 7 -1
149 3 5 - 10 391 410 3 7 0
154 3 5 -9 120 121 3 7 1
66 3 5 -8 165 165 3 7 2
120 3 5 -7 99 101 3 7 3
119 3 5 -6 149 146 3 7 4
66 3 5 -5 118 94 3 7 5
158 3 5 -4 576 563 3 7 7
130 3 5 -3 272 298 3 7 8
144 3 5 -2 175 141 3 7 9
165 3 5 -1 158 133 3 7 11
172 3 5 0 309 250 3 7 12
222 3 5 1 477 418 3 7 13
266 3 5 2 623 596 3 7 14
197 3 5 3 396 409 3 7 15
396 3 5 4 754 721 3 7 17
56 3 5 5 103 70 3 8-12
44 3 5 6 389 346 3 8-11
416 3 5 7 142 130 3 8 -9
Fobs Fcalc H K L
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505 507 3 8 -8 242 245
59 76 3 8 -7 326 321
147 131 3 8 - 5 336 324
113 129 3 8 -4 105 127
70 70 3 8 - 3 316 333
165 179 3 8 - 2 178 168
212 197 3 8 - 1 231 197
149 149 3 8 0 230 215
58 57 3 B 1 218 214
119 115 3 B 2 163 156
139 130 3 8 4 234 245
86 79 3 8 6 122 122
134 123 3 8 7 151 142
57 46 3 8 10 65 71
189 195 3 8 12 189 199
153 167 3 8 13 144 152
306 315 3 8 14 92 76
328 353 3 8 17 84 82
62 65 3 9-10 153 141
101 73 3 9 -9 86 82
218 154 3 9 -8 255 264
244 264 3 9 - 6 376 350
513 494 3 9 - 5 276 273
807 746 3 9 -4 273 266
253 274 3 9 - 3 474 445
445 426 3 9 -1 606 562
715 682 3 9 1 301 290
45 63 3 9 3 397 364
178 184 3 9 4 127 104
401 418 3 9 5 377 354
701 704 3 9 6 186 173
303 304 3 9 7 62 70
176 186 3 9 8 '403 418
134 138 3 9 10 197 198
61 81 3 9 11 109 131
58 46 3 9 12 227 217
182 1B2 3 9 13 320 324
52 49 3 9 14 80 70
210 218 3 9 15 64 5B
131 134 3 9 16 101 108
179 191 3 9 17 108 112
124 127 3 9 18 70 75
68 64 3 9 19 62 63
174 168 3 10-11 156 165
281 289 3 10 -9 230 220
171 170 3 10 -8 246 255
124 124 3 10 -7 124 139
189 181 3 10 -6 273 254
188 155 3 10 -5 89 86
109 103 3 10 -4 326 347
174 161 3 10 -3 167 166
639 622 3 10 -2 596 568
103 85 3 10 -1 74 78
269 204 3 10 0 379 373
488 386 3 10 1 284 271
118 165 3 10 2 420 378
309 249 3 10 3 369 358
437 394 3 10 4 216 197
52 25 3 10 5 360 344
178 185 3 10 7 376 378
74 79 3 10 8 97 94
166 155 3 10 9 364 359
119 107 3 10 10 228 236
322 321 3 10 11 361 361
79 63 3 10 12 458 456
199 219 3 10 13 176 189
194 193 3 10 14 324 334
244 242 3 10 16 175 173
99 125 3 10 17 100 86
211 227 3 10 18 157 153
C23
Values of 10*Fobs and lO tF ca lc
H K L Fobs Fcalc H K L Fobs Fcalc H K L
3 t l - -10 132 146 3 15 4 222 206 4-13 -9
3 11 -9 176 180 3 15 5 119 118 4-13 -8
3 11 -6 146 147 3 15 6 136 136 4-13 -7
3 11 -5 196 193 3 15 7 91 91 4-13 -6
3 11 -3 158 157 3 15 8 232 230 4-13  -5
3 11 0 128 152 3 15 10 191 207 4-13  -4
3 11 1 61 42 3 15 11 163 158 4-13  -3
3 11 4 487 471 3 15 12 15B 175 4-13  -2
3 11 6 354 333 3 15 13 186 205 4-13 -1
3 11 7 104 119 3 15 15 99 97 4-13 0
3 11 8 182 199 3 16 -1 94 91 4-13  1
3 11 10 137 129 3 16 0 101 88 4-13 2
3 11 12 106 104 3 16 1 148 134 4-13  3
3 11 13 126 131 3 16 2 137 100 4-13 4
3 11 15 163 159 3 16 3 152 153 4-1 3  5
3 11 16 91 90 3 16 4 107 94 4-13 6
3 11 17 155 179 3 16 5 258 257 4-1 3  7
3 11 18 99 110 3 16 6 91 85 4-13  8
3 12 -5 145 131 3 16 7 305 314 4-13 9
3 12 -3 258 278 3 16 8 154 161 4-1 2 -1 5
3 12 -2 74 76 3 16 9 220 238 4-1 2-1 3
3 12 -1 203 215 3 16 10 144 150 4 -1 2-1 2
3 12 0 118 117 3 16 11 165 161 4-1 2  -9
3 12 1 202 210 3 16 12 192 189 4-12  -7
3 12 5 150 120 3 17 4 134 127 4-12  -6
3 12 h 353 364 3 17 6 135 144 4-12 -4
3 12 7 162 163 3 17 7 95 118 4-12 -3
3 12 8 187 189 3 17 8 75 87 4-12 -1
3 12 10 212 223 3 17 9 203 217 4-12  2
3 12 11 83 90 4-16  -8 120 119 4-12 3
3 12 12 120 115 4-16  -7 175 181 4-12  7
3 12 14 166 174 4-16 -5 211 216 4-12  8
3 12 15 88 82 4-16  -3 161 149 4 -1 1 -1 5
3 12 17 125 129 4-16 -2 169 178 4-1 1 -1 3
3 13 -6 148 143 4-1 6  0 117 107 4-11 -9
3 13 -5 142 148 4-16  1 88 101 4-11 -8
3 13 -1 100 97 4-1 6  3 107 98 4-11 -7
3 13 0 117 108 4-15-11 141 158 4-11 -6
3 13 3 241 216 4-1 5 -1 0 185 196 4-11 -5
3 13 4 241 224 4-15  -8 215 228 4-11 -4
3 13 5 154 146 4-15 -6 249 252 4-11 -3
3 13 7 93 85 4-15 -5 143 151 4-11 -2
3 13 8 102 91 4-15  -4 169 176 4-11 -1
3 13 9 137 109 4-15 -3 293 296 4-11 0
3 13 13 125 138 4-15  -2 140 145 4-11 1
3 13 15 101 86 4 - 1 5 - 1 234 242 4-11 2
3 14 -5 145 152 4-15  1 238 248 4-11 3
3 14 -4 116 100 4-15 2 74 74 4-11 5
3 14 -3 154 172 4-15  3 287 293 4-11 7
3 14 -2 191 192 4-15 5 204 203 4-11 9
3 14 -1 91 99 4-14-11 78 104 4-11 11
3 14 0 214 200 4-14 -9 106 104 4-11 12
3 14 1 107 112 4-14 -8 170 172 4 -1 0 -1 6
3 14 2 216 198 4-14 -6 306 325 4-1 0 -1 3
3 14 3 133 131 4-14 -5 88 98 4 -1 0 -1 0
3 14 4 198 185 4-14 -4 350 357 4-10 -9
3 14 5 293 292 4-14 -3 122 121 4-10 -8
3 14 6 305 300 4-14 -2 375 366 4-10 -7
3 14 7 177 150 4-14 -1 89 86 4-10  -5
3 14 8 76 76 4-14 0 485 510 4-10  -4
3 14 9 173 175 4-14 1 154 163 4-10  -3
3 14 11 187 188 4-14 2 116 128 4-10 -2
3 14 12 227 236 4-14 3 256 273 4-10  -1
3 14 14 155 165 4-14 5 250 250 4-1 0  0
3 15 -4 126 101 4-14 7 196 204 4-10 1
3 15 -3 162 157 4-14 8 80 86 4-10 2
3 15 -1 185 208 4-13 -14 150 169 4-10 3
3 15 1 142 183 4 -1 3-1 2 159 163 4-10 4
3 15 2 153 151 4-13-11 152 175 4-10 5
3 15 3 298 277 4 -13-10 170 176 4-10 6
Fobs Fcalc H K L Fobs Fcalc H K L
Page 9
Fobs Fcalc
144 163 4-10 7 144 135 4 -7  -1 300 288
270 285 4-10 8 122 123 4 -7  0 865 817
260 260 4-10 9 ' 168 166 4 -7  2 490 492
150 150 4-10 10 59 55 4 -7  3 88 73
127 112 4-10 11 144 131 4 -7  4 240 251
70 67 4-10 13 132 119 4 -7  6 236 273
174 166 4-10 14 99 103 4 -7  11 159 163
133 141 4 .-9 -1 6 145 164 4 -7  12 69 73
188 187 4 -9 -1 4 145 142 4 -7  14 75 68
353 342 4 -9 -1 3 104 112 4 -7  15 233 236
138 120 4 -9 -1 2 79 66 4 -6 -1 7 81 81
403 389 4 -9 -11 168 190 4 -6 -1 6 125 123
103 100 4 -9 -1 0 390 387 4 -6 -1 5 109 104
328 351 4 -9  -9 129 118 4 -6 -1 4 57 60
131 120 4 -9  -8 249 246 4 -6 -1 2 119 114
318 308 4 -9  -7 89 113 4 -6 -1 0 117 106
193 205 4 -9  -6 505 510 4 -6  -8 347 349
171 153 4 -9  -4 459 455 4 -6  -7 182 192
194 189 4 -9  -3 187 201 4 -6  -6 190 178
108 111 4 -9  -1 336 364 4 -6  -5 87 113
116 111 4 -9  0 282 2B1 4 -6  -4 329 318
132 136 4 -9  1 231 217 4 -6  -3 567 601
124 135 4 -9  2 129 128 4 - 6  -2 108 104
68 72 4 -9  3 349 371 4 -6  -1 548 474
156 159 4 -9  4 230 211 4 - 6  1 767 752
188 191 4 -9  5 148 143 4 -6  2 554 510
163 162 4 -9  6 500 513 4 - 6  3 389 373
95 78 4 -9  8 361 365 4 -6  4 77B 768
150 154 4 -9  10 242 247 4 -6  6 314 329
80 83 4 -9  11 63 62 4 -6  8 444 434
58 58 4 -9  12 267 258 4 -6  10 306 310
146 146 4 -9  13 128 137 4 -6  11 171 164
94 96 4 -9  15 150 148 4 -6  12 * 69 58
125 108 4 -B -17 241 225 4 -6  14 109 128
238 245 4 -8 -1 5 128 136 4 - 6  15 164 146
262 248 4 -8 -1 3 247 253 4 -6  17 200 192
338 339 4 -8 -11 396 392 4 -5 -1 7 82 78
333 344 4 -8 -1 0 266 245 4 -5 -1 5 68 80
178 200 4 -8  -8 385 378 4 -5 -1 3 76 85
329 316 4 -8  -7 210 208 4 -5 -1 1 171 172
85 89 4 -8  -6 281 231 4 -5  -9 81 91
569 570 4 -B -4 753 717 4 -5  -7 203 195
163 160 4 -8  -3 511 519 4 -5  -5 354 304
354 355 4 -8  -2 475 473 4 -5  -4 96 82
108 106 4 -8  0 342 344 4 -5  -3 550 512
354 362 4 -8  1 194 208 4 -5  -2 54B 556
234 229 4 -8  2 107 107 4 -5  -1 187 170
82 83 4 -B 4 206 185 4 -5  0 277 287
65 58 4 - 8  5 181 193 4 -5  I 594 625
148 133 4 -8  6 93 93 4 -5  3 760 697
63 81 4 -8  7 179 184 4 - 5  5 536 555
95 93 4 -8  8 163 172 4 -5  7 545 519
92 90 4 -B 9 228 245 4 -5  8 205 226
60 31 4 -8  10 163 169 4 -5  9 320 324
377 394 4 -8  11 184 194 4 -5  10 102 106
136 127 4 -8  12 132 122 4 -5  11 332 338
168 171 4 -8  13 220 210 4 -5  12 318 321
212 211 4 -8  14 194 209 4 -5  14 214 206
435 448 4 -8  16 84 97 4 -5  16 188 176
195 214 4 -7 -1 6 90 89 4 -5  17 114 114
492 483 4 -7 -1 4 115 72 4 -5  18 94 113
254 256 4 -7 -1 3 187 1B5 4- -4 -1 6 108 112
36B 377 4 -7 -1 2 123 106 4 -4 -1 4 159 158
342 333 4 -7 -1 1 516 512 4 -4 -1 2 74 91
115 130 4 -7  -9 129 119 4 -4 -1 1 67 53
476 502 4 -7  -7 368 356 4 -4 -1 0 123 84
164 172 4 -7  -6 428 409 4 -4  -9 182 190
406 406 4 -7  -5 500 474 4 -4  -7 258 256
156 158 4 -7  -4 495 452 4 -4  -6 203 176
344 329 4 -7  -2 494 442 4 -4  -3 141 142
C24
Values of 10*Fobs and 10*Fcalc
K L Fobs Fcalc H K L Fobs Fcalc H K L
-4 -2 330 343 4 -2 5 419 492 4 1- 13
-4 0 127 108 4 -2 6 875 848 4 1--11
-4 1 342 335 4 -2 7 112 128 4 1- 10
-4 2 341 330 4 -2 8 137 127 4 1 -9
-4 3 BB 104 4 -2 10 455 454 4 1 -B
-4 4 362 384 4 -2 12 393 383 4 1 -7
-4 5 54 59 4 -2 14 271 269 4 1 -6
-4 6 199 198 4 -2 15 207 227 4 1 -5
-4 7 192 184 4 -2 16 59 61 4 1 -4
-4 8 116 93 4 -2 17 104 109 4 1 -3
-4 9 484 509 4 -2 18 109 100 4 1 -2
-4 11 222 216 4 -1 -14 63 63 4 1 -1
-4 12 111 106 4 -1 - 12 96 125 4 1 0
-4 13 369 360 4 - l - ■11 141 150 4 1 1
-4 14 75 90 4 -1 - 10 137 143 4 .1 2
-4 15 177 187 4 -1 -9 265 276 4 1 3
-4 16 122 124 4 -1 -8 131 119 4 1 4
-4 17 75 83 4 -1 -7 220 231 4 1 6
-4 IB 14B 147 4 -1 -6 264 255 4 1 7
-3 -•17 72 87 4 -1 -5 949 918 4 1 8
-3 - 16 130 137 4 -1 -4 175 180 4 1 10
-3 - 15 115 108 4 -1 -3 361 312 4 1 11
-3 - 14 208 193 4 -1 0 152 117 4 1 12
-3 - 13 128 131 4 -1 1 375 445 4 1 13
-3 - 12 111 109 4 -1 2 129 149 4 1 14
-3 - 11 107 95 4 -1 4 554 536 4 1 15
-3 - 10 359 323 4 -1 5 230 210 4 1 16
-3 -9 83 75 4 -1 6 570 531 4 1 17
-3 -8 307 315 4 -1 7 52 27 4 1 18
-3 -7 84 105 4 -1 9 126 159 4 1 19
-3 -6 311 270 4 -1 11 86 99 4 2- 16
-3 -5 1046 994 4 -1 12 211 192 4 2-■15
-3 -4 66 67 4 -1 13 111 122 4 2- 14
-3 -3 296 296 4 -1 15 242 234 4 2--13
-3 -2 44 46 4 -1 16 119 126 4 2- 11
-3 -1 931 972 4 -1 17 73 77 4 2 -9
-3 0 408 379 4 -1 18 121 109 4 2 -8
-3 1 136 195 4 -1 20 103 99 4 2 -7
-3 2 245 268 4 0- 17 81 85 4 2 -6
-3 3 303 279 4 o-•16 143 135 4 2 -5
-3 4 352 381 4 0- 15 100 103 4 2 -4
-3 5 328 351 4 0-■12 204 196 4 2 -2
-3 6 712 719 4 0- 11 224 211 4 2 -1
-3 7 139 145 4 0 -10 26B 273 4 2 0
-3 B 567 584 4 0 -7 264 298 4 2 1
-3 9 100 91 4 0 -6 223 183 4 2 2
-3 10 209 234 4 0 -5 220 199 4 2 3
-3 11 64 79 4 0 -3 482 444 4 2 4
-3 12 138 151 4 0 -2 91 132 4 2 5
-3 13 278 279 4 0 -1 744 814 4 2 6
-3 17 7B 78 4 0 0 571 506 4 2 7
-2 -•17 129 123 4 0 1 234 198 4 2 8
-2 - 15 173 192 4 0 2 344 301 4 2 9
-2 -■13 305 308 4 0 3 67B 733 4 2 10
-2 - 12 141 139 4 0 4 310 327 4 2 11
-2--11 273 261 4 0 5 245 253 4 2 12
-2 - 10 156 140 4 0 6 484 591 4 2 13
-2 -9 223 211 4 0 7 388 422 4 2 14
-2 -B 126 120 4 0 8 251 208 4 2 15
-2 -7 324 324 4 0 9 259 247 4 2 16
-2 -6 203 184 4 0 10 292 315 4 2 18
-2 -5 114 131 4 0 12 113 108 4 2 20
-2 -4 380 339 4 0 13 71 54 4 3- 16
-2 -3 478 492 4 0 14 173 171 4 3--15
-2 -2 739 676 4 0 15 206 183 4 3- 14
-2 -1 527 535 4 0 17 200 209 4 3 -12
-2 1 1098 1015 4 0 19 102 108 4 3- 10
-2 2 547 473 4 0 20 117 106 4 3 -9
-2 3 771 785 4 I-■15 198 202 4 3 -8
-2 4 108 128 4 1 -14 133 133 4 3 -7
Fobs Fcalc H K L Fobs Fcalc H K L
Page 10 
Fobs Fcalc
244 249 4 3 -5 560 551 4 5 6 336 329
229 223 4 3 -4 ■172 192 4 5 7 387 435
154 156 4 3 -3 466 453 4 5 9 300 321
274 250 4 3 -2 263 290 4 5 10 362 345
355 338 4 3 -1 98 120 4 5 11 219 229
90 87 4 3 1 601 582 4 5 12 153 153
154 177 4 3 2 901 906 4 5 13 106 104
71 86 4 3 3 298 268 4 5 14 236 236
69 52 4 3 4 576 . 589 4 5 15 89 84
49 108 4 3 5 119 110 4 5 16 186 186
305 318 4 3 7 223 244 4 5 17 164 179
506 495 4 3 8 529 544 4 5 18 287 300
207 222 4 3 9 644 681 4 5 20 126 132
428 321 4 3 10 345 333 4 5 21 95 100
380 388 4 3 11 343 336 4 6-14 125 127
1217 1251 4 3 12 145 166 4 6-12 162 144
87 90 4 3 13 383 369 4 6-11 128 112
209 189 4 3 15 189 183 4 6-10 262 243
237 288 4 3 17 88 100 4 6 -8 180 196
106 72 4 3 19 134 147 4 6 -7 210 210
253 242 4 3 20 67 61 4 6 -6 113 112
142 127 4 4-15 151 156 4 6 - 5 305 297
137 145 4 4-13 140 152 4 6 -4 14B UB
146 141 4 4-12 87 92 4 6 -3 196 217
173 167 4 4-11 122 121 4 6 -2 369 366
57 73 4 4-10 347 340 4 6 -1 119 119
319 333 4 4 -9 278 272 4 6 0 288 239
183 201 4 4 -8 222 224 4 6 1 499 434
123 123 4 4 -6 236 255 4 6 2 632 537
16B 166 4 4 -5 276 241 4 6 3 561 536
142 146 4 4 -4 300 280 4 6 4 468 476
145 157 4 4 -3 303 291 4 6 5 . 16? 174
179 176 4 4 -2 209 181 4 6 6 207 181
216 232 4 4 -1 12B 112 4 6 8 110 85
181 175 4 4 0 502 475 4 6 9 194 200
360 358 4 4 1 226 237 4 6 10 181 198
69 95 4 4 2 121 125 4 6 11 105 97
330 328 4 4 3 271 247 4 6 12 373 369
208 209 4 4 4 114 111 4 6 13 230 220
394 363 4 4 5 190 209 4 6 14 162 175
741 660 4 4 6 121 134 4 6 15 134 159
664 677 4 4 7 595 588 4 6 16 176 179
179 139 4 4 9 189 168 4 6 18 73 69
764 730 4 4 10 233 243 4 6 19 69 73
333 330 4 4 11 214 214 4 6 20 141 127
423 376 4 4 12 104 114 4 7-13 116 109
460 498 4 4 13 163 178 4 7-12 199 209
651 726 4 4 14 108 131 4 7-10 341 347
993 981 4 4 15 269 284 4 7 -B 313 336
300 254 4 4 16 128 129 4 7 -7 60 78
604 633 4 4 17 62 80 4 7 -6 156 139
252 214 4 4 19 64 70 4 7 -5 282 283
612 617 4 4 21 85 90 4 7 -4 312 294
205 211 4 5-15 68 77 4 7 -3 286 306
384 431 4 5-12 166 160 4 7 -2 117 140
115 134 4 5-11 150 143 4 7 - I 642 625
287 347 4 5-10 165 143 4 7 0 212 224
243 231 4 5 -9 287 283 4 7 1 359 389
195 211 4 5 -8 84 83 4 7 2 68 72
130 130 4 5 -7 318 318 4 7 3 148 n o
182 179 4 5 -6 210 199 .4 7 4 471 419
188 170 4 5 -4 205 212 4 7 5 254 212
69 63 4 5 -3 275 276 4 7 6 330 345
111 98 4 5 -2 276 241 4 7 7 312 296
254 253 4 5 -1 347 344 4 7 8 96 115
233 236 4 5 0 240 159 4 7 9 60 44
229 232 4 5 1 74 49 4 7 10 75 82
148 155 4 5 3 104 111 4 7 11 169 192
100 85 4 5 4 375 342 4 7 16 137 132
372 368 4 5 5 345 340 4 7 17 60 52
C25
Values of 10«Fobs and 10»Fcalc Page 11
K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc
7 18 142 141 4 10 7 205 185 4 13 15 220 227 5-13 -10 117 122 5--10 7 160 147
8-■11 228 233 4 10 8 305 305 4 13 16 91 98 5-13 -8 • 90 102 5-■10 8 132 121
8--10 98 106 4 10 10 201 221 4 13 17 161 166 5-13 -4 69 69 5--10 10 73 75
8 -9 345 347 4 10 11 106 92 4 14 -4 133 123 5-13 -1 228 217 5 -9 --16 130 129
8 -8 258 265 4 10 12 368 375 4 14 -2 150 154 5-13 1 219 238 5 -9 --15 149 138
8 -7 309 307 4 10 14 166 169 4 14 -1 175 174 5-13 2 167 174 5 -9 --14 84 B9
8 -6 313 300 4 10 17 124 111 4 14 0 134 115 5-13 3 351 359 5 -9 --13 156 162
8 -5 214 229 4 10 19 56 63 4 14 1 91 87 5-13 4 156 165 5 -9 -•10 165 151
8 -4 399 405 4 11 -9 91 81 4 14 2 89 81 5-13 5 259 272 5 -9 -7 285 279
8 -2 494 477 4 11 -7 154 148 4 14 7 1B5 192 5-13 7 254 256 5 -9 -6 119 136
8 0 655 612 4 11 -6 169 149 4 14 8 96 106 5-13 8 100 98 5 -9 -5 174 175
8 1 411 429 4 11 -5 114 126 4 14 11 7B 73 5-13 9 194 201 5 -9 -4 136 118
8 2 392 391 4 11 -4 366 384 4 14 13 201 206 5-12--11 92 85 5 -9 -3 283 261
8 3 572 554 4 11 -3 160 159 4 14 14 134 116 5-12 -9 85 127 5 -9 -2 257 250
8 4 226 178 4 11 -2 128 125 4 14 15 67 61 5-12 -8 158 149 5 -9 -1 330 325
8 5 103 98 4 11 -1 336 344 4 14 16 153 157 5-12 -7 123 113 5 -9 0 537 54B
8 6 94 92 4 11 1 256 272 4 15 -3 127 116 5-12 -6 147 164 5 -9 2 609 604
8 7 56 64 4 11 2 154 170 4 15 -2 178 182 5-12 -5 158 162 5 -9 3 373 389
8 8 120 100 4 11 3 87 70 4 15 -1 71 77 5-12 -4 149 143 5 -9 4 358 353
8 9 72 79 4 11 5 561 522 4 15 0 210 210 5-12 -3 217 227 5 -9 5 256 270
8 10 221 233 4 11 6 55 54 4 15 1 59 52 5-12 -2 130 137 5 -9 6 188 192
8 11 105 101 4 11 7 41B 402 4 15 2 251 247 5-12 -1 355 344 5 -9 7 390 408
8 12 107 102 4 11 8 186 194 4 15 3 175 159 5-12 0 307 304 5 -9 9 272 292
B IS 75 70 4 11 9 330 311 4 15 4 160 155 5-12 1 116 113 5 -9 11 184 200
8 16 69 59 4 11 10 223 202 4 15 9 129 133 5-12 2 292 285 5 -9 12 121 112
8 18 192 198 4 11 11 94 96 4 16 1 222 222 5-12 3 118 115 5 -9 13 95 87
8 20 76 86 4 11 12 207 196 4 16 2 224 217 5-12 4 223 233 5 -8 --16 156 128
9-■10 148 125 4 11 13 302 340 4 16 3 112 108 5-12 5 114 122 5 -8 - 14 152 145
9 -9 159 167 4 11 14 117 126 4 16 4 202 187 5-12 6 173 169 5 -8 -■13 129 125
9 -8 170 180 4 11 15 158 153 4 16 6 166 185 5-12 7 128 118 5 -8 -•12 145 123
9 -7 327 321 4 11 16 146 139 4 16 8 195 175 5-12 8 121 143 5 -8 --10 311 318
9 -6 124 126 4 11 17 157 160 4 16 10 171 182 5-12 9 186 207 5 -8 -9 4 3 0 107
9 -5 467 450 4 11 18 71 75 4 16 11 162 181 5-12 11 198 178 5 -8 -7 220 219
9 -4 152 166 4 11 19 94 107 4 16 13 138 127 5 -1 1 - 12 87 93 5 -8 -5 234 223
9 -3 431 440 4 12 -8 85 96 4 17 4 91 85 5-11-•10 138 120 5 -8 -3 277 281
9 -2 242 216 4 12 -7 209 199 4 17 5 195 196 5-11 -9 128 109 5 -8 -2 164 153
9 -1 415 378 4 12 -5 118 97 4 17 6 124 107 5-11 -8 93 113 5 -8 -1 481 467
9 0 503 470 4 12 -3 115 116 4 17 7 142 148 5-11 -7 140 117 5 -8 0 74 79
9 1 345 332 4 12 -2 293 276 4 17 8 70 B3 5-11 -6 155 163 5 -8 1 130 123
9 2 590 558 4 12 -1 235 233 4 17 9 130 137 5-11 -5 95 107 5 -8 2 200 205
9 3 189 173 4 12 0 309 302 4 17 10 230 230 5-11 -4 222 217 5 -8 3 328 338
9 4 162 147 4 12 2 128 117 5-16 -7 166 189 5-11 -3 200 204 5 -8 4 497 499
9 5 159 120 4 12 3 188 169 5-16 -6 201 210 5-11 -1 73 70 5 -8 5 100 76
9 6 211 200 4 12 4 163 172 5-16 -4 189 182 5-11 1 196 194 5 -8 6 307 332
9 7 68 72 4 12 5 138 131 5-16 -2 189 190 5-11 2 277 264 5 -8 7 90 80
9 9 186 206 4 12 7 169 169 5-16 0 209 214 5-11 4 169 169 5 -8 8 134 116
9 10 51 69 4 12 8 204 196 5-16 t 197 210 5-11 6 157 162 5 -8 9 228 224
9 11 137 139 4 12 9 211 206 5-16 2 221 221 5-11 7 57 60 5 -8 10 208 211
9 12 180 203 4 12 10 160 154 5-15 -9 145 134 5-11 8 112 103 5 -8 11 317 319
9 13 140 163 4 12 11 414 451 5-15 -7 209 231 5-11 9 102 105 5 -8 12 95 102
9 14 116 115 4 12 13 384 420 5-15 -6 108 118 5-11 12 101 87 5 -8 13 285 287
9 15 189 189 4 12 14 133 127 5-15 -5 280 295 5 -1 0 - 15 163 161 5 -8 15 154 152
9 16 86 85 4 12 16 135 113 5-15 -4 124 136 5 -10-■12 143 152 5 -7 --15 96 107
9 18 66 66 4 12 18 137 130 5-15 -3 157 180 5 -1 0 - 11 78 74 5 -7 -•13 159 133
9 19 56 53 4 13 -7 199 185 5-15 -2 214 223 5 -10-•10 170 177 5 -7 --11 117 150
10-•10 95 113 4 13 -5 152 159 5-15 0 85 87 5-10 -9 162 155 5 -7 -■10 472 463
10 -8 169 158 4 13 -4 140 151 5-15 4 179 181 5-10 -8 114 112 5 -7 -9 86 102
10 -6 299 306 4 13 -3 79 84 5 -1 4 - 10 205 208 5-10 -7 198 202 5 -7 -8 569 556
10 -5 175 172 4 13 0 128 139 5-14 -9 97 107 5-10 -6 116 123 5 -7 -6 456 446
10 -4 207 210 4 13 1 82 78 5-14 -8 134 130 5-10 -5 139 132 5 -7 -5 98 86
10 -3 203 207 4 13 4 330 333 5-14 -6 92 98 5-10 -4 257 247 5 -7 -4 460 446
10 -2 135 109 4 13 5 177 176 5-14 -5 188 206 5-10 -3 157 146 5 -7 -3 196 204
10 -1 225 212 4 13 6 117 115 5-14 -3 360 358 5-10 -2 244 256 5 -7 -2 164 159
10 0 177 154 4 13 7 167 152 5-14 -1 280 307 5-10 -1 367 382 5 -7 -1 718 671
10 1 331 332 4 13 8 122 123 5-14 0 133 135 5-10 0 306 287 5 -7 1 337 353
10 2 274 274 4 13 10 254 266 5-14 1 148 170 5-10 1 479 452 5 -7 2 190 192
10 3 437 381 4 13 11 88 91 5-14 3 176 194 5-10 3 309 315 5 -7 3 290 268
10 4 319 287 4 13 12 228 229 5-14 4 176 198 5-10 4 70 68 5 -7 4 115 107
10 5 590 556 4 13 13 95 112 5-14 6 299 2B9 5-10 5 183 183 5 -7 5 490 494
10 6 450 404 4 13 14 246 257 5 -1 3 - 12 89 93 5-10 6 149 154 5 -7 6 486 469
C26
Values of 10*Fobs and 10«Fcalc
H K L Fobs Fcalc H K L Fobs
5 -7 7 259 267 5 -4 -7 71
S -7 8 414 414 5 -4 -5 109
5 -7 10 195 202 5 -4 -4 174
5 -7 12 274 267 5 -4 -3 71
5 -7 13 99 90 5 -4 -2 215
5 -7 14 223 235 5 -4 -1 205
5 -7 15 245 235 5 -4 0 413
5 -7 16 96 97 5 -4 1 120
5 -6 - -16 137 113 5 -4 2 290
5 -6 --14 176 162 5 -4 4 260
5 -6 -•13 64 51 5 -4 5 375
S -6 -•12 116 126 5 -4 6 265
5 -6 -•11 306 303 5 -4 8 321
5 -6 -9 184 178 5 -4 9 87
5 -6 -8 150 151 5 -4 10 327
5 -6 -7 147 132 5 -4 11 176
5 -6 -6 105 122 5 -4 12 360
5 -6 -5 387 387 5 -4 14 205
5 -6 -4 395 385 5 -4 15 119
5 -6 -3 68 58 5 -4 16 251
5 -6 -2 411 405 5 -4 17 61
5 -6 0 208 200 5 -4 18 133
5 -6 1 214 201 5 -4 19 129
5 -6 2 588 570 5 -3 --17 121
5 -6 3 142 132 5 -3 - •16 145
5 -6 4 691 640 5 -3 --15 167
5 -6 5 107 134 5 -3 -■14 143
5 -6 6 508 496 5 -3 --13 175
5 -6 7 342 321 5 -3 -■11 203
5 -6 8 221 231 5 -3 -9 270
5 -6 9 470 475 5 -3 -8 80
5 -6 11 255 242 5 “3 -7 197
5 -6 13 237 221 5 -3 -6 132
5 -6 14 109 99 5 -3 -4 238
5 -6 15 102 91 5 -3 -3 420
5 -6 16 183 160 5 -3 -2 351
5 -5 - •16 93 80 5 -3 -1 518
5 -5 -■14 139 136 5 -3 0 306
5 -5 - •12 233 227 5 -3 1 490
5 -5 -■11 234 234 5 -3 2 291
5 -5 - •10 123 125 5 -3 4 355
5 “ 5 -8 162 125 5 -3 5 496
5 -5 -7 106 114 5 -3 6 707
5 -5 -6 312 315 5 T 7 50
5 -5 -5 192 170 J *3 8 254
5 -5 -4 411 382 5 -3 9 235
5 -5 -3 205 183 5 -3 10 121
5 -5 -1 98 118 5 -3 11 229
5 -5 0 93 104 5 -3 12 220
5 -5 1 485 514 5 -3 16 196
5 -5 2 354 357 5 -3 17 64
5 -5 3 190 190 5 -3 18 146
5 -5 4 158 193 5 -2 - 16 130
5 -5 5 83 58 5 -2 --14 267
5 -5 6 492 494 5 -2 -•12 203
5 -5 7 88 103 5 -2 --11 61
5 -5 8 328 331 5 -2 - •10 240
5 -5 10 22B 237 5 -2 -9 222
5 -5 11 171 176 5 -2 -8 275
5 -5 12 105 103 5 -2 -7 312
5 -5 13 160 172 5 -2 -6 160
5 -5 14 103 98 5 -2 -5 171
5 -5 15 303 299 5 -2 -4 144
5 -5 17 191 181 5 -2 -3 146
5 -5 18 89 82 5 -2 -2 88
5 -4 - •15 167 164 5 -2 -1 622
5 -4 - •14 87 74 5 -2 0 121
5 -4 -■12 83 83 5 -2 1 501
5 -4 - •10 82 69 5 -2 2 899
5 -4 -9 108 120 5 -2 3 696
ca lc H K L Fobs Fcalc H
78 5 -2  4 773 845 5
102 5 -2  5 509 572 5
191 5 -2  6 254 230 5
75 5 -2  8 215 237 5
220 5 -2  9 211 200 5
146 5 -2  11 238 219 5
415 5 -2  13 253 252 5
123 5 -2  14 75 77 5
325 5 -2  15 238 235 5
236 5 -2  17 230 216 5
470 5 -2  18 103 93 5
238 5 -2  19 106 101 5
357 5 -2  20 87 66 5
87 5 -1 -1 5 235 230 5
326 5 -1 -1 4 194 200 5
181 5 -1 -1 2 333 321 5
366 5 -1 -1 1 137 126 5
212 5 -1 -1 0 263 245 5
111 5 -1 -8 361 343 5
261 5 -1 -7 194 1B6 5
61 5 -1 -6 371 374 5
125 5 -1  -5 814 751 5
122 5 -1  -4 486 461 5
103 5 -1 -3 274 283 5
137 5 -1  -2 92 39 5
170 5 -1  -1 140 187 5
141 5 -1  0 134 122 5
182 5 -1  1 57 53 J
218 5 -1  3 201 178 5
260 5 -1 4 881 922 5
76 5 -1 5 330 3B2 5
197 5 -1  6 376 329 5
108 5 -1 7 487 434 5
239 5 -1  8 565 592 5
371 5 -1 9 65 41 5
317 5 -1 10 292 297 5
546 5 -1 11 266 258 5
335 5 -1 13 264 257 5
416 5 -1 14 164 165 5
261 5 -1  15 167 170 5
250 5 0-16 137 134 5
455 5 0-15 182 196 5
696 5 0-14 223 216 5
55 5 0-13 274 281 5
275 5 0-12 66 60 5
214 5 0-11 361 343 5
110 5 0-10 71 85 5
246 5 0 -9 430 458 5
212 5 0 -B 52 59 5
199 5 0 -7 374 364 5
77 5 0 -6 317 303 5
140 5 0 -5 196 180 5
108 5 0 -4 163 150 5
276 5 0 -2 578 551 5
202 5 0 -1 116 126 5
59 5 0 0 220 235 5
246 5 0 1 127 101 5
216 5 0 2 323 307 5
269 5 0 3 49 44 5
299 5 0 4 159 118 5
146 5 0 5 B4 91 5
173 5 0 6 374 292 5
150 5 0 7 510 492 J
153 5 0 8 270 296 5
73 5 0 9 66 55 5
635 5 0 10 191 185 5
147 5 0 11 68 86 5
497 5 0 12 81 112 5
844 5 0 13 108 103 5
591 5 0 14 123 137 5
K L Fobs Fcalc H K L
Page 12 
Fobs Fcalc
0 15 306 305 5 3 0 792 761
0 17 ' 71 76 5 3 1 318 326
0 18 59 58 5 3 2 177 164
1-16 117 106 5 3 3 499 514
1-14 130 124 5 3 4 128 150
1-12 329 328 5 3 5 529 537
1-11 71 7B 5 3 7 335 370
1-10 272 281 5 3 8 210 209
1 -9 317 302 5 3 9 112 125
1 -8 117 116 5 3 10 126 149
1 -7 404 384 5 3 11 183 204
1 -5 557 534 5 3 12 262 282
1 -4 180 194 5 3 14 267 252
1 -3 677 682 5 3 15 146 128
1 -2 646 569 5 3 16 356 372
1 -1 126 141 5 3 18 162 173
1 0 915 924 5 3 19 127 134
1 2 517 498 5 3 20 84 85
1 3 409 424 5 3 21 140 123
1 4 809 884 5 4-14 186 177
1 5 116 129 5 4-12 119 99
1 6 234 245 5 4 -9 368 393
1 7 382 339 5 4 -8 292 284
1 8 183 199 5 4 -7 216 208
1 9 239 280 5 4 -6 132 144
1 11 187 205 5 4 - 5 526 505
1 12 98 91 5 4 -4 211 206
1 13 197 177 5 4 -3 451 450
1 17 72 72 5 4 -2 404 377
1 18 107 97 5 4 -1 136 121
1 20 145 125 5 4 0 873 819
2-13 129 142 5 4 1 • 150 132
2-12 81 84 5 4 2 898 899
2-11 141 138 5 4 3 116 125
2-10 307 300 5 4 4 791 787
2 -9 131 128 5 4 5 153 132
2 -8 391 405 5 4 6 406 400
2 -6 354 338 5 4 7 335 339
2 -4 792 736 5 4 8 326 304
2 -3 163 175 5 4 9 409 402
2 -2 454 460 5 4 10 170 156
2 -1 571 501 5 4 11 315 319
2 0 447 429 5 4 12 64 60
2 1 188 166 5 4 13 305 304
2 2 404 419 5 4 14 96 103
2 4 549 547 5 4 15 205 204
2 5 97 81 5 4 16 314 310
2 6 38 37 5 4 18 87 98
2 7 331 315 5 4 19 116 102
2 8 215 218 5 4 20 141 145
2 9 414 440 5 5-14 141 135
2 10 584 568 5 5-13 113 112
2 12 190 190 5 5-12 116 118
2 13 116 113 5 5-11 134 128
2 14 272 260 5 5-10 75 84
2 16 226 222 5 5 -8 152 155
2 17 192 202 5 5 -7 136 137
2 18 57 55 5 5 -6 528 503
2 19 152 163 5 5 -5 307 327
3-15 156 151 5 5 -4 214 205
3-13 17B 172 5 5 -3 342 336
3-11 257 266 5 5 -2 220 232
3 -9 294 295 5 5 -1 251 253
3 -8 212 206 5 5 1 529 567
3 -7 161 156 5 5 2 471 454
3 -6 341 344 5 5 3 199 180
3 -5 222 182 5 5 4 160 159
3 -4 501 508 5 5 5 407 388
3 -2 553 530 5 5 6 96 100
3 -1 71 38 5 5 7 250 255
C27
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H K t Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc
S 5 8 416 398 5 8 -6 210 212 5 10 17 132 141 5 14 10 71 78 6-12--10 197 210
S 5 9 94 97 5 8 -5 301 289 5 10 18 102 98 5 14 12 .134 158 6-12 -9 166 181
S 5 10 471 481 5 8 -4 216 220 5 11 -8 93 102 5 14 13 207 211 6-12 -8 78 69
5 5 11 157 142 5 8 -3 499 478 5 11 -7 77 88 5 14 15 98 96 6-12 -7 191 178
5 5 12 180 176 5 8 -2 207 205 5 11 -6 147 143 5 15 -2 152 154 6-12 -6 164 171
5 5 13 248 235 5 8 -1 549 517 5 11 -5 161 163 5 15 -1 210 223 6-12 -4 137 140
5 5 15 184 176 5 8 0 346 338 5 11 -3 507 504 5 15 1 199 212 6-12 -3 59 54
5 5 17 113 115 5 8 1 150 155 5 11 -1 559 555 5 15 3 215 204 6-12 -2 135 137
5 5 18 111 124 5 8 2 126 125 5 11 0 225 224 5 15 5 269 249 6-12 0 209 197
5 5 19 239 245 5 8 3 340 340 5 11 1 487 501 5 15 6 196 202 6-12 1 270 270
5 5 21 101 106 5 8 4 194 191 5 11 2 476 475 5 15 7 141 118 6-12 2 153 155
5 6-•13 159 177 5 8 5 541 528 5 11 3 404 376 5 15 8 208 206 6-12 5 130 122
5 6-■12 106 n o 5 8 6 372 381 5 11 4 400 362 5 15 9 89 87 6-12 6 151 140
5 6- 11 123 130 5 8 9 233 226 5 11 5 122 111 5 15 10 101 113 6-12 7 144 150
5 6-•10 217 217 5 8 10 126 98 5 11 6 560 547 5 15 11 154 167 6-12 8 166 162
5 b -9 274 285 5 8 13 160 175 5 11 7 78 58 5 15 12 141 157 6-12 9 129 136
5 b -6 268 258 5 B 14 93 91 5 11 8 515 504 5 15 14 176 182 6-12 10 185 176
5 b -4 300 280 5 8 16 116 114 5 11 9 108 114 5 16 2 170 131 6-12 11 83 85
5 b -3 89 91 5 8 19 59 65 5 11 10 442 450 5 16 3 148 131 6-11-•13 120 82
5 b -2 74 63 5 8 21 67 72 5 11 11 289 318 5 16 4 144 148 6 -1 1 - 11 179 179
5 b -1 76 70 5 9-•11 203 196 5 11 12 126 128 5 16 5 183 190 6-11-•10 113 124
5 b 0 643 609 5 9- 10 96 104 5 11 13 173 167 5 16 6 147 144 6-11 -9 153 179
5 b 1 317 294 5 9 -9 180 161 5 11 14 92 98 5 16 7 145 156 6-11 -8 203 211
5 b 2 138 121 5 9 -8 273 280 5 11 15 244 241 5 16 9 153 160 6-11 -7 57 77
5 b 3 266 239 5 9 -7 127 115 5 11 19 131 111 5 16 12 64 43 6-11 -6 183 194
5 b 4 153 144 5 9 -6 388 401 5 12 -5 65 54 5 16 13 145 148 6-11 -4 214 221
5 b 5 593 522 5 9 -5 187 190 5 12 -4 146 136 5 17 6 169 136 6-11 -3 162 158
5 b b 278 262 5 9 -4 481 495 5 12 0 198 198 5 17 7 121 125 6-11 5 84 72
5 b 7 88 55 5 9 -2 863 860 5 12 1 237 231 5 17 8 130 134 6-11 6 119 n o
5 b 8 376 343 5 9 -1 543 536 5 12 2 77 75 6-16 -4 108 109 6-11 7 116 104
5 b 9 257 276 5 9 0 409 415 5 12 3 403 393 6-16 -3 185 192 6-11 9 113 117
5 b 11 108 119 5 9 1 765 732 5 12 5 436 428 6-16 -1 210 214 6-11 11 131 136
5 b 12 174 172 5 9 2 266 251 5 12 6 79 69 6-16 0 73 77 6-11 12 '  70 76
5 b 13 235 241 5 9 3 804 763 5 12 8 277 268 6-15 -8 n o 109 6 -1 0 - 14 176 181
5 b 14 145 167 5 9 4 109 101 5 12 9 147 157 6-1 5 -6 179 174 6-10-■13 123 122
S b 15 108 95 5 9 5 587 590 5 12 10 337 358 6-15 -4 179 194 6 -1 0 -•12 132 144
5 b 16 94 105 5 9 6 397 387 5 12 11 114 109 6-15 -3 62 60 6-10-■11 115 108
5 b 17 142 147 5 9 7 370 3BB 5 12 12 301 316 6-15 -2 238 236 6 -1 0 - 10 207 211
5 b 21 86 86 J 9 8 339 316 5 12 13 77 81 6-15 -1 105 109 6-10 -9 149 151
J 7- 12 79 96 5 9 9 182 181 5 12 14 307 344 6-15 0 321 329 6-10 -8 144 162
5 7-■11 236 262 5 9 10 350 347 5 12 16 136 149 6-15 1 251 275 6-10 -7 176 197
5 7 -9 322 335 5 9 11 142 152 5 12 17 142 152 6-15 3 135 130 6-10 -5 250 266
5 7 -8 57 45 5 9 12 292 311 5 13 -5 72 67 6-15 4 171 167 6-10 -3 111 115
5 7 -7 473 474 5 9 14 195 195 5 13 -4 136 127 6 -1 4 - 10 86 83 6-10 -1 289 297
5 7 -b 156 133 5 9 15 77 73 5 13 -3 141 141 6-14 -9 162 168 6-10 0 211 209
5 7 “ J 147 152 5 9 16 113 103 5 13 -2 183 187 6-14 -8 126 127 6-10 1 312 307
5 7 -4 235 240 5 9 17 123 112 5 13 2 184 179 6-14 -7 272 276 6-10 2 363 346
5 7 -3 282 277 5 9 18 86 93 5 13 5 261 261 6-14 -6 134 108 6-10 3 119 105
5 7 -2 261 246 5 9 20 63 62 5 13 6 262 252 6-14 -5 124 108 6-10 4 289 287
5 7 -1 99 B8 5 10-•10 97 109 5 13 7 31B 325 6-14 -4 163 164 6-10 6 135 144
5 7 0 127 129 5 10 -9 182 188 5 13 8 214 228 6-14 -3 107 110 6-10 7 79 82
5 7 1 99 76 5 10 -8 5B 63 5 13 9 176 174 6-14 -2 179 196 6-10 8 196 201
5 7 2 410 417 5 10 -7 258 276 5 13 10 106 78 6-14 -1 152 165 6-1 0 9 113 107
5 7 3 118 113 5 10 -5 367 358 5 13 11 308 306 6-14 0 350 358 6-10 11 68 76
5 7 4 79 96 5 10 -4 222 241 5 13 12 58 83 6-14 2 415 417 6-10 13 94 96
5 7 5 274 290 5 10 -3 318 312 5 13 14 172 200 6-14 3 129 121 6 -9 -■15 163 158
5 7 b 276 294 5 10 -2 81 80 5 13 15 133 144 6-14 4 229 238 6 -9 --13 166 158
5 7 7 350 351 5 10 -1 453 446 5 13 16 209 223 6-14 5 97 126 6 -9 -■12 68 74
5 7 10 182 183 5 10 0 601 601 5 13 17 90 75 6-14 6 140 128 6 -9 -■ It 231 222
5 7 11 86 81 5 10 2 466 436 5 13 18 141 139 6-14 7 199 202 6 -9 - •10 99 122
5 7 12 157 171 5 10 3 265 263 5 14 -3 152 159 6-13-■11 91 87 6 . - 9 -8 54 67
5 7 13 134 155 5 10 4 370 322 5 14 -2 86 96 6-13 -2 104 100 6 -9 -6 153 138
5 7 15 79 72 5 10 5 464 429 5 14 -1 153 156 6-13 0 125 121 6 -9 -5 61 59
5 7 16 52 62 5 10 6 313 281 5 14 0 160 159 6-13 2 113 99 6 -9 -3 101 102
5 7 17 101 102 5 10 7 91 90 5 14 I 151 156 6-13 3 146 155 6 -9 -2 152 135
5 7 18 156 156 5 10 8 167 158 5 14 2 116 98 6-13 4 256 270 6 -9 0 207 220
5 8-■12 151 146 5 10 9 183 184 5 14 4 100 81 6-13 5 170 178 6 -9 1 165 184
5 8-•10 236 221 5 10 12 68 69 5 14 5 76 58 6-13 6 240 243 6 -9 2 193 191
S 8 -8 175 176 5 10 13 51 62 5 14 6 67 76 6-13 8 178 179 6 -9 3 85 80
5 8 -7 135 148 5 10 15 94 90 5 14 8 68 55 6-12 -■12 165 166 6 -9 4 125 112
C28
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H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc
6 -9 3 241 238 6 -6 -2 422 432 6 -3--14 190 198 6 -1 -1 340 341 6 1 14 270 262
6 -9 b 287 275 6 -6 -1 405 420 6 -3--13 206 210 6 -1 0 ’480 469 6 1 15 195 188
6 -9 8 256 251 6 -6 0 160 159 6 -3 -•12 321 316 6 -1 1 238 259 6 1 17 90 88
6 -9 9 102 123 6 -6 1 329 322 6 -3--11 103 100 6 -1 2 177 227 6 1 19 95 92
b -9 10 143 163 6 -6 2 141 147 6 -3 --10 347 363 6 -1 3 261 262 6 2-■15 60 62
b -9 12 73 63 6 -6 3 532 523 6 -3 -9 89 99 6 -1 4 189 185 6 2--14 86 84
b -9 14 135 112 6 -6 4 184 174 6 -3 -8 223 ' 204 6 -1 5 782 717 6 2-•13 162 171
b -B--15 97 108 6 -6 5 355 333 6 -3 -7 131 118 6 -1 6 125 132 6 2--12 96 112
b -8 --13 184 193 6 -6 6 143 150 6 -3 -6 183 184 6 -1 7 263 289 6 2-■11 117 118
b -8 --11 334 325 6 -6 7 190 206 6 -3 -5 52 77 6 -1 8 164 171 6 2-■10 214 209
b -8 --10 272 273 6 -6 8 162 157 6 -3 -4 146 141 6 - I 9 175 182 6 2 -9 317 323
b -B -9 276 254 6 -6 10 206 223 6 -3 -3 275 298 6 -1 11 214 236 6 2 -7 290 280
b -B -7 111 100 6 -6 12 329 334 6 -3 -2 320 287 6 -1 14 91 84 6 2 -6 172 181
b -8 -6 92 92 6 -6 13 286 280 6 -3 -1 73 92 6 -1 16 109 111 6 2 -5 620 593
b -B -5 134 145 6 -6 15 219 211 6 -3 1 350 325 6 -1 17 90 81 6 2 -4 131 144
b -B -4 157 160 6 -6 17 125 116 6 -3 2 187 177 6 -1 18 88 75 6 2 -3 745 697
b -B -2 122 131 6 -5 -•15 135 138 6 -3 3 412 468 6 -1 20 65 70 6 2 -2 415 436
b -8 -1 154 157 6 -5--14 57 63 6 -3 4 136 125 6 o--15 182 201 6 2 -1 147 153
b -8 0 214 241 6 -5 -■13 170 175 6 -3 5 182 155 6 0-•14 259 265 6 2 0 308 274
b -B 1 106 94 6 -5 --12 66 61 6 -3 8 86 89 6 0--13 93 103 6 2 1 291 312
b -B 2 205 201 6 -5 -9 293 296 6 -3 9 61 62 6 0-■12 235 251 6 2 2 887 873
b -8 3 116 119 6 -5 -8 371 360 6 -3 10 241 261 6 o--10 247 232 6 2 3 299 276
b -8 4 156 159 6 -5 -6 251 221 6 -3 11 173 175 6 0 -9 128 139 6 2 4 716 718
b -8 5 220 225 6 -5 -4 71 114 6 -3 12 73 89 6 0 -8 452 455 6 2 6 491 498
b -B 7 218 230 6 -5 -2 280 339 6 -3 14 159 149 6 0 -7 406 350 6 2 9 299 315
b -8 8 n o 117 6 -5 -1 550 511 6 -3 15 228 226 6 0 -6 147 160 6 2 10 103 91
b -8 9 162 151 6 -5 0 66 68 6 -3 17 217 202 6 0 -5 468 438 6 2 11 259 252
b -8 10 236 232 6 -5 2 364 401 6 -3 19 144 153 6 0 -3 643 632 6 2 12 183 164
b -8 12 167 152 6 -5 3 109 B7 6 -2 -•16 78 75 6 0 -1 790 764 6 2 13 255 285
b -8 14 70 51 6 -5 4 379 367 6 -2 --15 97 100 6 0 0 144 89 6 2 14 104 120
b -8 16 125 114 6 -5 5 410 417 6 -2 - 13 150 148 6 0 1 683 664 6 2 16 103 119
b -7 -•14 148 162 6 -5 7 504 517 6 -2 --11 207 223 6 0 2 195 191 6 3--12 -130 128
b - 7 - •12 99 104 6 -5 8 217 221 6 -2 -■10 141 126 6 0 3 807 B42 6 3-■10 240 250
b -7 -•11 109 102 6 -5 9 327 313 6 -2 -9 171 171 6 0 4 231 228 6 3 -9 152 143
b - 7 - 10 114 108 6 -5 10 173 175 6 -2 -8 71 75 6 0 5 163 140 6 3 -8 216 213
b -7 -8 174 165 6 -J 11 275 283 6 -2 -7 280 277 6 0 6 89 64 6 3 -6 266 260
b -7 -7 368 357 6 -5 12 143 121 6 -2 -6 228 216 6 0 7 122 130 6 3 -5 365 365
b -7 -6 81 81 6 -J 13 255 257 6 -2 -5 292 256 6 0 8 480 485 6 3 -4 164 158
b -7 -5 296 271 6 -5 14 308 316 6 -2 -4 318 311 6 0 9 131 132 6 3 -3 622 581
b -7 -4 140 123 6 -5 16 228 220 6 -2 -3 343 297 6 0 10 153 167 6 3 -2 121 99
b -7 -3 239 225 6 -5 18 145 126 6 -2 -2 239 197 6 0 11 161 165 6 3 -1 711 678
b -7 -2 122 ' 134 6 -4 --16 139 145 6 -2 -1 360 356 6 0 13 173 180 6 3 0 334 308
b -7 -1 177 173 6 -4 -■14 144 169 6 -2 0 288 281 6 0 15 115 97 6 3 1 1031 988
b -7 0 109 95 6 -4 --13 87 91 6 -2 1 286 281 6 0 17 137 155 6 3 2 718 746
b -7 1 271 258 6 -4 - 12 116 121 6 -2 2 132 124 6 0 IB 72 72 6 3 3 137 104
b -7 2 388 387 6 -4 --11 238 264 6 -2 3 42 81 6 1--15 194 207 6 3 4 343 310
b -7 3 100 92 6 -4 - 10 157 156 6 -2 4 123 155 6 1-•13 272 277 6 3 5 70 67
b -7 4 228 228 6 -4 -9 400 398 6 -2 5 180 178 6 1--12 178 182 6 3 6 879 869
b -7 5 218 237 6 -4 -6 60 72 6 -2 6 236 233 6 1-•11 187 167 6 3 7 213 191
b -7 6 181 190 6 -4 -5 168 153 6 -2 7 405 396 6 1 -9 322 321 6 3 8 420 393
b -7 7 180 179 6 -4 -4 151 145 6 -2 8 62 72 6 1 -8 318 340 6 3 9 124 116
b -7 8 248 255 6 -4 -1 306 231 6 -2 10 94 99 6 1 -7 285 266 6 3 10 110 103
b -7 9 263 266 6 -4 0 130 104 6 -2 12 163 181 6 1 -6 522 510 6 3 11 104 98
b -7 10 89 99 6 -4 1 446 456 6 -2 13 136 153 6 1 -4 749 698 6 3 12 168 181
b -7 11 284 2B8 6 -4 2 765 701 6 -2 14 91 85 6 1 -3 310 299 6 3 13 109 115
b -7 12 227 214 6 -4 3 115 82 6 -2 15 155 152 6 1 -2 597 577 6 3 14 169 167
b -7 13 151 152 6 -4 4 221 223 6 -2 16 168 154 6 1 -1 252 237 6 3 15 148 138
b -7 14 136 149 6 -4 5 187 177 6 -2 18 106 97 6 1 0 426 419 6 3 16 122 115
b -7 16 104 n o 6 -4 6 415 455 6 -2 20 107 100 6 1 1 556 544 6 3 17 93 110
b -6 -•15 114 110 6 -4 8 228 201 6 -1 -•14 216 204 6 1 2 236 241 6 3 18 78 86
b -6 -■14 94 91 6 -4 9 117 81 6 - I - 13 105 105 6 1 3 46 95 6 * 3 21 71 72
b -6 -■13 123 132 6 -4 10 148 154 6 -1 -■11 403 389 6 1 4 108 129 6 4--11 124 124
b - 6 -■12 125 113 6 -4 11 154 149 6 -1 -9 350 349 6 1 5 615 639 6 4-■10 97 103
b -6 -■11 121 124 6 -4 12 121 115 6 -1 -8 84 97 6 1 7 629 621 6 4 -9 114 123
b -b -9 321 323 6 -4 13 212 202 6 -1 -7 485 485 6 1 8 144 117 6 4 -8 321 323
b -b -8 164 179 6 -4 15 144 132 6 -1 -6 275 248 6 1 9 129 121 6 4 -7 214 217
b -b -6 238 253 6 -4 17 126 100 6 -1 -5 366 371 6 1 10 374 376 6 4 -6 188 185
b -b -5 309 315 6 -4 18 135 115 6 -1 -4 158 164 6 1 11 129 125 6 4 -4 348 329
b -b -4 137 115 6 -3 -•16 63 82 6 -1 -3 588 541 6 1 12 320 309 6 4 -3 116 107
b -b -3 67 64 6 -3 --15 119 110 6 -1 -2 257 271 6 1 13 177 176 6 4 -2 703 660
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H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc
6 4 -1 220 210 6 6 14 161 168 6 9 12 414 416 6 12 14 72 84 7-13 -2 109 106
6 4 0 390 380 6 6 15 104 100 6 9 13 193 193 6 12 15 '243 257 7-13 -1 180 181
6 4 1 606 542 6 6 17 109 93 6 9 14 168 179 6 12 16 64 55 7-13 0 311 305
6 4 2 571 529 6 7-■12 146 149 6 9 15 105 115 6 12 17 184 198 7-13 1 63 77
& 4 3 724 656 6 7--10 171 173 6 9 17 125 120 6 12 18 92 B4 7-13 2 227 231
6 4 4 274 254 6 7 -8 256 260 6 9 20 67 57 6 13 0 121 135 7-13 3 239 239
6 4 5 555 531 6 7 -7 92 100 6 10 -B 137 143 6 13 1 137 128 7-13 4 61 46
6 4 b 68 71 6 7 -6 355 377 6 10 -6 166 183 6 13 3 199 184 7-13 5 166 174
6 4 7 215 235 6 7 -4 284 293 6 10 -5 88 89 6 13 6 267 235 7-13 7 127 146
6 4 B 302 304 6 7 -3 34B 334 6 10 -4 169 166 6 13 7 308 300 7-13 9 165 180
& 4 9 62 64 6 7 -1 181 177 6 10 -3 342 351 6 13 8 436 390 7-12-■11 125 126
6 4 10 229 255 6 7 0 241 238 6 10 -2 246 258 6 13 9 210 227 7-12 -9 131 150
6 4 11 103 82 6 7 1 484 476 6 10 -1 467 478 6 13 10 275 276 7-12 -7 21B 231
6 4 12 158 173 6 7 J 673 671 6 10 0 313 323 6 13 12 264 267 7-12 -6 90 78
b 4 13 97 85 6 7 5 208 219 6 10 I 402 405 6 13 13 66 76 7-12 -5 176 171
b 4 14 75 94 6 7 6 183 182 6 10 2 114 117 6 13 14 259 263 7-12 -4 119 115
b 4 16 188 195 6 7 7 268 268 6 10 3 392 397 6 13 15 150 166 7-12 0 131 145
b 4 17 196 202 6 7 8 305 308 6 10 4 154 137 6 13 16 137 148 7-12 1 184 186
b 4 18 236 239 6 7 9 271 244 6 10 5 584 580 6 13 17 126 110 7-12 2 161 156
b 4 19 225 226 6 7 10 401 403 6 10 6 792 797 6 14 -3 65 57 7-12 6 12B 140
b 4 20 99 94 6 7 11 97 89 6 10 7 408 396 6 14 3 86 83 7-1 2 8 200 191
b 5-■13 124 123 6 7 13 76 73 6 10 8 399 406 6 14 5 137 131 7-12 9 95 98
b 5-•11 136 134 6 7 14 49 72 6 10 9 54 43 6 14 8 104 95 7-12 10 122 125
b 5 -7 55 46 6 7 15 96 93 6 10 10 233 216 6 14 9 158 160 7 -1 1 - 12 125 101
b 5 -6 331 325 6 7 16 111 110 6 10 11 66 41 6 14 10 138 133 7-11-•10 129 133
b 5 -5 289 290 6 7 18 61 63 6 10 12 115 111 6 14 11 157 152 7-11 -9 119 97
b 5 -4 75 70 6 7 20 95 99 6 10 13 135 138 6 14 13 84 81 7-11 -8 91 106
b S -3 262 248 6 8-■11 106 124 6 10 15 136 141 6 14 14 96 98 7-11 -7 81 82
b 5 -2 307 300 6 8-■10 113 106 6 10 16 143 135 6 14 15 73 73 7-11 -5 170 178
b 5 -1 457 420 6 8 -9 144 143 6 10 17 112 119 6 14 16 106 120 7-11 -4 157 156
b 5 0 762 737 6 8 -8 88 103 6 10 19 86 94 6 15 0 158 168 7-11 -2 255 243
b 5 2 186 180 6 8 -7 n o 97 6 11 -7 122 118 6 15 2 168 153 7-11 -1 -149 145
b 5 3 153 134 6 8 -6 200 210 6 11 -6 109 109 6 15 4 90 82 7-11 0 157 173
b S 4 746 712 6 8 -5 104 92 6 11 -5 142 151 6 15 6 142 139 7-11 1 287 289
b 5 5 468 483 6 8 -4 375 367 6 11 -3 182 187 6 15 7 179 186 7-11 3 270 279
b 5 6 259 259 6 B -2 242 259 6 11 -2 587 603 6 15 8 91 B9 7-11 4 139 148
b 5 7 551 536 6 8 0 432 424 6 11 -1 74 3 6 15 9 150 150 7-11 8 62 52
b 5 B 113 130 6 8 1 47 53 6 11 0 794 815 6 15 11 151 156 7-11 10 110 103
b 5 9 540 542 6 8 2 427 396 6 11 1 231 230 6 15 12 75 73 7-11 12 154 146
b 5 10 67 69 6 8 3 202 192 6 11 2 548 549 6 15 13 138 146 7-1 0- 13 147 152
b 5 11 368 374 6 8 4 54 49 6 11 3 427 443 6 15 15 104 125 7-10 -■12 138 142
b 5 13 195 188 6 B 6 166 160 6 11 4 469 474 6 16 4 134 130 7 -1 0 -•11 206 196
b 5 14 154 150 6 8 7 95 104 6 11 5 479 486 6 16 5 133 137 7-10 -8 182 197
b 5 15 193 201 6 8 8 147 151 6 11 6 119 110 6 16 6 209 192 7-10 -6 172 155
b 5 16 146 143 6 8 9 178 188 6 11 7 483 474 6 16 7 151 123 7-10 -4 132 156
b 5 17 89 103 6 8 10 95 86 6 11 8 317 329 6 16 8 128 107 7-10 -3 72 82
b S 18 111 114 6 8 11 235 227 6 11 9 433 415 6 16 10 175 186 7-10 -2 101 86
b 5 19 158 139 6 8 12 393 411 6 11 10 310 322 6 16 12 239 241 7-10 -1 245 254
b 5 20 180 191 6 8 14 281 285 6 11 11 321 340 7-■15 -5 97 102 7-1 0 0 245 229
b 6- 12 1B6 182 6 8 15 117 104 6 11 12 319 338 7-■15 -3 172 166 7-10 1 58 55
b 6-•11 130 147 6 8 16 199 187 6 11 13 254 278 7-■15 -2 85 93 7-10 3 242 246
b 6- 10 113 116 6 8 20 91 92 6 11 14 237 241 7-■15 -1 101 106 7-10 4 190 18B
b 6 -9 259 261 6 8 21 63 50 6 11 15 94 95 7-•15 0 119 127 7-10 5 144 158
b 6 -B 284 278 6 9-•10 158 137 6 11 16 98 91 7-■15 3 102 96 7-10 6 126 124
b 6 -5 80 78 6 9 -9 106 117 6 11 18 140 154 7--14 -9 188 199 7-1 0 11 155 148
b b -3 390 379 6 9 -7 204 204 6 12 -4 88 109 7-•14 -8 153 153 7-10 12 78 82
b b -1 297 299 6 9 -5 329 328 6 12 -3 175 179 7-•14 -7 184 197 7 -9 -•14 142 138
b b 0 457 452 6 9 -3 139 126 6 12 -2 135 132 7-■14 -6 129 141 7 -9 -•12 210 216
b b 1 262 259 6 9 -1 246 238 6 12 -1 131 139 7--14 -5 156 160 7 -9 -■11 100 95
b b 2 234 245 6 9 0 64 102 6 12 1 203 202 7-■14 -4 210 187 7 -9 -•10 311 317
b b 3 276 280 6 9 1 240 232 6 12 2 397 397 7-■14 -2 123 116 7 - 9 -9 116 116
b b 4 770 731 6 9 2 252 223 6 12 3 150 159 7-•14 -1 199 219 7 -9 -8 220 226
b b 5 162 150 6 9 3 185 166 6 12 4 630 623 7-■14 1 217 230 7 -9 -7 123 123
b b 6 490 495 6 9 4 265 259 6 12 5 298 288 7-■14 3 266 265 7 -9 -6 61 59
b b 7 100 92 6 9 5 326 312 6 12 6 491 468 7--14 5 223 227 7 -9 -5 199 192
b b 8 316 297 6 9 6 559 541 6 12 8 196 202 7- 14 6 86 82 7 -9 -4 142 141
b b 10 105 106 6 9 7 93 93 6 12 9 381 382 7-■13 -7 80 87 7 -9 -3 188 177
b b 11 206 187 6 9 8 303 296 6 12 10 80 84 7-■13 -5 94 103 7 -9 -2 217 216
b b 12 155 179 6 9 10 215 220 6 12 11 348 342 7-■13 -4 108 88 7 -9 -1 254 260
b b 13 240 o n ti n 6 9 11 120 141 6 12 13 124 109 7- 13 -3 101 106 7 -9 0 203 209
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Values of 10»Fobs and lO tFcalc
K L Fobs Fcalc H K L Fobs Fcalc H K L
-9 1 83 77 7 -6 4 214 231 7 -3 4
-9 2 56 18 7 -6 6 214 213 7 -3 5
-9 3 111 98 7 -6 10 115 129 7 -3 6
-9 4 199 196 7 -6 12 113 98 7 -3 7
-9 6 171 174 7 -6 16 129 100 7 -3 8
-9 7 127 130 7 -5--14 184 194 7 -3 9
-9 8 144 145 7 -5 -■12 146 156 7 -3 11
-9 11 136 144 7 -5--11 118 106 7 -3 12
-9 13 130 122 7 -5 -8 203 192 7 -3 13
-8 -■14 133 128 7 -5 -6 255 281 7 -3 14
-8 -•13 127 125 7 -5 -5 320 287 7 -3 15
-8 -•12 156 154 7 -5 -4 159 149 7 -3 16
-8 -•11 158 179 7 -5 -3 194 213 7 -3 17
-8 -■10 265 274 7 -5 -2 96 85 7 -3 18
-8 -8 485 492 7 -5 -1 125 131 7 -2 -■15
-8 -6 296 296 7 -5 0 199 214 7 -2 -•12
-8 -5 226 230 7 -5 1 397 380 7 -2 -■11
-8 -4 211 213 7 -5 2 135 145 7 -2 -■10
-8 -3 127 114 7 -5 3 95 92 7 -2 -9
-8 -2 220 210 7 -5 4 215 176 7 -2 -8
-8 -1 139 143 7 -5 6 226 240 7 -2 -7
-8 0 67 48 7 -5 7 160 143 7 -2 -6
-8 1 329 331 7 -5 B 262 284 7 -2 -5
-8 2 129 129 7 -5 9 117 124 7 -2 -4
-B 3 208 207 7 -5 10 279 282 7 -2 -3
-8 4 197 194 7 -5 11 108 101 7 -2 -2
-8 6 130 146 7 -5 12 74 56 7 -2 -1
-8 a 180 191 7 *5 13 142 150 7 -2 0
-8 10 71 73 7 -4 -•15 135 144 7 -2 1
-8 12 62 56 7 -4 --13 209 191 7 -2 2
-8 13 89 95 7 -4 -•12 141 136 7 -2 3
-8 13 146 125 7 -4 ■11 116 102 7 -2 4
-7 -■14 85 78 7 -4 -•10 78 84 7 -2 5
-7 -■13 183 177 7 -4 -9 307 320 7 -2 6
-7 - •11 245 243 7 -4 -8 301 295 7 -2 7
-7 -■10 138 130 7 -4 -7 237 262 7 -2 8
-7 -9 164 15B 7 -4 -6 360 358 7 -2 9
-7 -8 261 267 7 -4 -5 116 115 7 -2 10
-7 -7 165 161 7 -4 -4 136 126 7 -2 13
*7 -6 275 284 7 -4 -2 358 375 7 -2 14
-7 -5 353 357 7 -4 -1 227 208 7 -2 15
-7 -4 309 313 7 -4 0 132 123 7 -2 16
-7 -3 58 47 7 -4 1 358 388 7 -2 17
-7 -2 351 345 7 -4 3 305 317 7 -1 -•15
-7 -1 120 118 7 -4 5 373 352 7 -1 -■13
-7 0 288 319 7 -4 6 321 337 7 -1 -■12
-7 1 123 137 7 -4 7 258 284 7 -1 -•11
-7 2 70 92 7 -4 8 51 58 7 -1 -•10
-7 3 183 205 7 -4 9 317 306 7 -1 -9
-7 5 118 137 7 -4 10 124 132 7 -1 -8
-7 6 70 67 7 -4 11 298 326 7 -1 -6
-7 7 107 135 7 -4 12 341 370 7 -1 -4
-7 8 105 99 7 -4 14 189 186 7 -1 -3
-7 9 150 132 7 -4 15 141 139 7 -1 -2
-7 10 157 161 7 -4 16 71 64 7 -1 -1
-6 -■14 129 110 7 -4 17 130 131 7 -1 0
-6 -■13 12B 126 7 -3 -•14 100 91 7 -1 1
-6 --12 193 196 7 -3 -■12 230 222 7 -1 3
-6 -■11 236 231 7 -3 -■10 250 253 7 -1 4
-6 -9 132 116 7 -3 -9 376 381 7 -1 5
-6 -8 107 81 7 -3 -8 114 104 7 -1 7
-6 -5 191 193 7 -3 -7 315 289 7 -1 8
-6 -4 190 156 7 -3 -6 177 184 7 -1 9
-6 -3 312 285 7 -3 -5 301 306 7 -1 11
-6 -2 255 274 7 -3 -4 60 68 7 -1 13
-6 -1 175 170 7 -3 -3 83 92 7 -1 17
-6 0 324 325 7 -3 -2 319 310 7 -1 18
-6 1 142 138 7 -3 -1 165 137 7 -1 19
-6 2 405 407 7 -3 0 138 161 7 0-•14
-6 3 86 84 7 -3 3 432 402 7 0-■13
Fobs Fcalc H K L Fobs Fcalc H K L
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Fobs Fcalc
539 556 7 0-12 150
'159
141 7 2 9 445 441
454 406 7 0-11 171 7 2 10 334 333
233 222 7 0-1 0 135 151 7 2 11 167 155
50 23 7 0 -9 106 104 7 2 12 209 200
117 111 7 0 -8 117 119 7 2 13 115 98
88 77 7 0 -7 334 331 7 2 14 101 100
210 213 7 0 -6 223 214 7 2 15 75 74
121 112 7 0 -5 233 234 7 2 16 184 177
390 378 7 0 -4 271 258 7 2 17 156 143
94 92 7 0 -3 279 262 7 2 18 79 64
214 216 7 0 -2 590 545 7 2 19 86 76
144 128 7 0 0 668 644 7 3-13 193 182
130 126 7 0 1 348 363 7 3-11 182 198
150 136 7 0 2 1103 1075 7 3-10 176 201
74 83 7 0 3 229 179 7 3 -9 198 193
168 131 7 0 4 717 771 7 3 -8 218 210
125 146 7 0 5 293 296 7 3 -7 457 465
224 251 7 0 6 65 67 7 3 -6 122 112
253 261 7 0 8 354 338 7 3 -5 224 223
196 176 7 0 10 216 201 7 3 -4 489 486
336 319 7 0 12 172 181 7 3 -2 161 157
81 88 7 0 13 55 48 7 3 -1 177 175
473 458 7 0 14 140 138 7 3 0 402 400
102 83 7 1-14 150 153 7 3 2 447 423
667 652 7 1-12 138 132 7 3 3 131 140
61 49 7 1-10 225 209 7 3 5 306 313
107 105 7 1 -9 182 1B4 7 3 6 44 52
293 301 7 1 -7 151 157 7 3 7 433 433
341 27B 7 1 -5 52 74 7 3 8 255 258
408 376 7 1 -4 52 61 7 3 9 509 514
334 276 7 1 -3 51B 501 7 3 10 162 165
277 249 7 1 -2 232 202 7 3 11 * 69 88
128 146 7 1 -1 637 603 7 3 12 185 197
174 180 7 1 0 391 394 7 3 13 216 229
511 477 7 1 1 714 720 7 3 14 106 BB
107 122 7 1 2 611 574 7 3 15 113 116
108 128 7 1 3 557 534 7 3 16 113 106
70 60 7 1 4 931 904 7 3 17 76 67
58 52 7 1 5 61 84 7 3 19 7B 73
140 146 7 1 6 815 795 7 4-12 78 76
203 200 7 1 7 125 134 7 4 -7 347 350
78 59 7 1 8 465 470 7 4 -6 116 118
76 52 7 1 9 110 100 7 4 -5 459 455
137 139 7 1 10 328 348 7 4 -4 72 78
246 258 7 1 11 283 293 7 4 -3 387 384
103 99 7 1 12 224 218 7 4 -2 44 41
177 156 7 1 13 248 267 7 4 -1 418 429
298 300 7 1 15 116 113 7 4 0 376 391
99 115 7 1 17 78 89 7 4 2 744 735
284 277 7 1 18 113 94 7 4 3 80 48
409 395 7 2-14 125 121 7 4 4 821 822
381 394 7 2-12 230 238 7 4 5 372 377
392 327 7 2-11 136 141 7 4 6 1203 1170
385 372 7 2-10 271 273 7 4 7 309 312
153 156 7 2 -B 183 1B7 7 4 8 235 257
594 582 7 2 -6 188 187 7 4 9 527 526
72 109 7 2 -5 96 88 7 4 10 295 319
369 389 7 2 -4 60 66 7 4 11 281 295
346 351 7 2 -3 202 207 7 4 12 314 325
394 368 7 2 -2 120 128 7 4 13 178 169
119 132 7 2 -1 100 85 7 4 14 77 80
122 132 7 2 0 213 223 7 4 15 138 126
115 129 7 2 1 505 553 7 4 16 73 71
75 56 7 2 2 61 59 7 4 19 125 113
149 138 7 2 3 499 470 7 4 21 153 145
82 82 7 2 4 72 50 7 5-11 109 102
84 72 7 2 5 563 564 7 5 -8 83 71
80 69 7 2 6 229 246 7 5 -6 218 218
143 139 7 2 7 464 469 7 5 -5 160 160
174 155 7 2 8 279 275 7 5 -4 178 205
C31
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K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc
5 -3 153 149 7 8 -9 81 93 7 11 0 63 53 8-14 -7 180 188 8 -9 -1 184 174
S -1 417 411 7 8 -8 91 87 7 11 1 226 229 8-14 -5 ,203 194 8 -9 0 105 87
5 1 436 368 7 8 -7 122 108 7 11 3 201 202 8-14 -3 154 161 8 -9 2 61 62
S 2 352 324 7 8 -6 115 135 7 11 4 186 185 8-14 -2 74 81 B -9 3 189 175
5 3 192 192 7 8 -5 189 188 7 11 5 307 313 8-14 0 69 78 8 -9 4 156 154
5 4 214 220 7 8 -3 110 92 7 11 6 142 136 8-14 4 130 138 8 -9 6 135 136
5 5 238 267 7 8 -2 221 224 7 11 7 97 100 8-13 -8 210 208 8 -9 8 150 167
S b 345 337 7 B -1 426 438 7 11 8 133 127 B-13 -6 214 218 8 -9 10 114 140
5 7 76 60 7 8 0 54 39 7 11 9 161 159 8-13 -5 67 53 8 -9 11 70 82
5 8 434 394 7 8 1 314 303 7 11 10 341 336 8-13 -4 265 267 8 -9 13 83 87
5 9 124 114 7 8 2 137 139 7 11 11 173 180 8-13 -3 216 215 8 -8 -■13 140 121
5 10 290 286 7 8 3 378 393 7 11 12 294 296 8-13 -2 176 179 8 -8 - •12 136 126
S 11 211 237 7 8 4 246 243 7 11 13 122 122 8-13 -1 267 254 8 -8 --11 276 288
5 12 293 271 7 8 5 325 332 7 11 14 319 337 8-13 3 117 115 8 -8 -9 255 267
5 13 118 100 7 8 6 441 441 7 11 15 170 172 8-13 4 71 53 8 -8 -8 121 118
5 14 299 324 7 8 7 165 151 7 11 16 130 133 8-13 5 83 66 8 -8 -7 380 374
5 15 82 117 7 8 8 468 460 7 11 17 125 121 8-13 6 155 157 8 -8 -5 368 355
5 16 68 60 7 8 9 47 40 7 11 19 70 67 8-13 8 128 129 8 -B -4 76 69
5 21 67 69 7 8 10 262 277 7 12 -5 83 89 8-12-■10 137 113 8 -8 -3 291 316
6-■11 128 123 7 8 12 397 418 7 12 -2 234 232 B-12 -9 100 114 8 -8 -2 290 284
6 -9 132 154 7 8 13 179 179 7 12 1 167 172 8-12 -8 146 154 8 -8 -1 76 62
6 -B 181 191 7 8 14 230 221 7 12 3 304 322 8-12 -7 137 119 B -8 0 114 131
b -7 247 251 7 8 15 142 145 7 12 4 127 122 8-12 -6 114 113 8 -8 1 201 218
b -4 53 50 7 8 17 176 182 7 12 5 432 447 8-12 -5 181 200 8 -8 2 86 70
b -2 255 268 7 8 19 96 100 7 12 6 188 174 8-12 -4 242 253 8 -8 3 64 67
b 0 111 112 7 9 -9 94 B9 7 12 7 817 843 8-12 -3 92 83 8 -8 4 259 267
b 1 142 138 7 9 -6 62 81 7 12 8 290 278 8-12 -2 259 277 8 -8 6 295 292
b 2 373 372 7 9 -5 90 97 7 12 9 278 287 8-12 -1 119 128 8 -8 7 187 176
b 3 362 359 7 9 -4 130 136 7 12 10 289 279 8-12 0 151 149 8 -8 8 135 140
b 4 170 150 7 9 -3 223 212 7 12 11 180 182 8-12 1 201 198 8 -8 9 123 100
b 5 414 377 7 9 -2 134 128 7 12 12 307 311 8-12 3 130 126 8 -8 10 242 237
b 6 56 55 7 9 1 138 133 7 12 14 181 182 8-12 5 152 137 8 -8 11 123 118
b 7 671 674 7 9 3 126 151 7 12 15 114 116 8-12 6 79 86 8 -8 12 * 99 113
b 8 233 219 7 9 4 155 145 7 12 16 209 227 8-12 7 146 145 8 -8 13 97 85
b 9 297 303 7 9 5 281 292 7 12 18 118 121 8-12 8 136 124 8 -7 -■13 86 87
b 10 90 88 7 9 7 180 183 7 13 0 136 145 8-12 9 9B 92 8 -7 - 12 276 275
b 11 383 390 7 9 8 154 147 7 13 2 112 97 8-12 10 109 121 8 -7 -■10 247 258
b 12 283 282 7 9 9 321 317 7 13 4 99 84 8-11 -7 171 185 8 -7 -8 313 300
b 13 75 81 7 9 10 163 169 7 13 6 109 100 8-11 -5 218 219 8 -7 -7 253 233
b 14 IBS 190 7 9 11 72 51 7 13 7 IBB 191 8-11 -4 181 202 8 -7 -6 127 126
b 16 256 256 7 9 12 108 121 7 13 9 265 280 8-11 -3 209 206 8 -7 -5 324 323
b 18 370 357 7 9 14 69 69 7 13 11 173 179 8-11 -2 153 176 8 -7 -4 158 165
b 19 124 145 7 9 16 151 140 7 13 12 132 148 8-11 -1 295 299 8 -7 -3 363 357
b 21 91 80 7 9 18 B4 74 7 13 13 186 199 8-11 0 304 307 8 -7 -2 81 73
7 -9 134 123 7 10 -7 148 156 7 13 14 214 228 8-11 1 153 169 8 -7 -1 464 457
7 -7 81 72 7 10 -5 14B 133 7 13 15 69 67 8-11 2 357 364 8 -7 0 66 67
7 -6 93 88 7 10 -4 117 126 7 13 16 126 146 8-11 3 81 105 8 -7 1 239 251
7 -5 247 251 7 10 -2 250 272 7 14 -2 105 121 8-11 4 139 134 8 -7 2 54 49
7 -3 267 269 7 10 -1 123 130 7 14 -1 106 120 8-11 5 61 67 8 -7 3 136 152
7 -2 117 118 7 10 0 124 104 7 14 6 100 87 B - l l 8 84 99 8 -7 4 345 346
7 -1 86 102 7 10 2 195 191 7 14 8 72 58 8-11 9 146 137 8 -7 6 165 169
7 0 198 199 7 10 3 108 115 7 14 9 122 128 8-11 11 134 112 8 -7 8 100 103
7 I 217 222 7 10 4 91 120 7 14 10 156 162 8-10-■12 133 119 8 -7 9 69 58
7 2 123 139 7 10 7 90 88 7 14 11 124 103 8-1 0-•11 133 140 8 -7 10 88 97
7 4 341 324 7 10 8 493 500 7 14 12 154 156 8-10 -9 157 171 8 -7 12 139 149
7 5 161 164 7 10 9 118 130 7 14 13 152 147 B-10 -6 152 160 8 -7 13 99 92
7 6 162 178 7 10 10 301 2B2 7 14 15 153 149 8-10 -5 307 290 8 -6 -•13 202 216
7 7 98 116 7 10 11 355 356 7 15 1 82 77 8-10 -3 81 79 8 -6 - •12 99 113
7 8 152 125 7 10 13 197 199 7 15 2 115 119 8-10 0 178 171 8 -6 --11 241 244
7 9 355 339 7 10 14 131 132 7 15 9 78 72 8-10 1 251 262 8 -6 -•10 86 81
7 11 305 304 7 10 15 185 172 7 15 11 81 69 8-10 2 149 162 S -6 -9 309 322
7 12 105 73 7 10 16 239 251 7 15 14 128 132 8-10 6 77 82 8 -6 -8 475 480
7 13 236 241 7 10 18 130 130 7 16 4 75 94 8-10 7 109 116 8 -6 -7 61 56
7 14 114 111 7 10 20 185 175 7 16 5 61 50 8-10 9 79 99 B -6 -6 461 458
7 15 208 211 7 11 -7 71 57 7 16 6 114 98 8-10 12 86 81 8 -6 -5 144 144
7 17 209 200 7 11 -6 79 90 7 16 7 96 77 8 -9 -■11 139 157 8 -6 -4 448 434
7 18 79 82 7 11 -4 98 109 7 16 8 76 73 8 -9 -■10 122 117 8 -6 -3 194 181
7 20 147 156 7 11 -3 125 118 7 16 9 113 107 8 -9 -9 207 197 B -6 -2 446 417
7 21 70 59 7 11 -2 58 64 7 16 11 139 128 8 -9 -7 264 266 8 -6 -1 246 235
8 - 10 106 102 7 11 -1 58 32 8-■15 0 68 92 8 -9 -3 62 77 8 -6 0 390 376
G32
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H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc
8 -6 1 534 522 8 -3 0 357 353 8 0-•11 165 150 8 2 12 129 111 8 5 3 289 273
8 -6 2 235 225 8 -3 1 319 330 8 0--10 210 185 8 2 13 285 294 8 5 4 246 249
8 -6 3 549 526 8 -3 2 249 247 8 0 -9 199 205 8 2 15 • 165 164 8 5 5 356 359
8 -6 4 59 49 8 -3 3 245 236 8 0 -8 255 255 8 2 17 81 76 8 5 6 n o 126
8 -6 5 267 276 8 -3 4 108 94 8 0 -7 208 200 8 2 20 84 86 8 5 7 92 81
8 -6 6 182 180 8 -3 5 19B 205 8 0 -6 220 224 8 3-•12 98 92 8 5 8 175 182
8 -6 7 151 148 8 -3 6 48 38 B 0 -5 91 80 8 3- 10 141 153 8 5 9 302 304
8 -6 8 225 213 8 -3 8 112 108 8 0 -4 423 394 8 3 -9 142 175 8 5 10 144 154
8 -6 10 157 154 8 -3 9 111 105 8 0 -3 552 531 8 3 -B 197 194 8 5 11 294 307
8 -6 12 57 69 8 -3 10 233 251 8 0 -2 202 181 8 3 -7 272 256 8 5 12 304 282
8 -6 14 120 120 8 -3 12 270 263 8 0 -1 612 614 8 3 -6 354 364 8 5 13 434 431
8 -6 15 60 49 8 -3 13 180 184 8 0 1 468 464 8 3 -5 101 92 8 5 14 189 193
8 -6 16 119 99 8 -3 14 126 111 8 0 2 121 114 8 3 -4 155 142 B 5 15 158 162
8 -5 -■14 92 89 8 -3 16 209 214 8 0 3 359 369 8 3 -3 161 165 8 5 16 118 120
8 -5 - •13 120 119 8 -3 18 140 140 8 0 5 411 387 8 3 -2 121 128 8 5 18 131 118
8 -5 -■11 142 117 8 -2 -•14 162 141 8 0 6 397 404 8 3 -1 252 265 8 6 -9 181 177
8 -5 -9 339 318 B -2 -•12 69 73 8 0 7 658 641 8 3 0 267 279 8 6 -8 115 113
8 -5 -8 140 142 8 -2 -9 174 177 8 0 8 423 424 8 3 1 95 94 8 6 -7 95 105
B -5 -7 262 273 8 -2 -8 117 126 8 0 9 55 51 8 3 2 92 88 8 6 -6 276 288
8 -5 -6 63 58 8 -2 -7 387 391 8 0 10 282 296 8 3 3 379 369 8 6 -4 277 296
8 -5 -5 273 277 8 -2 -6 280 251 8 0 11 91 97 8 3 4 192 197 8 6 -3 156 145
8 -5 -4 151 143 8 -2 -5 243 237 8 0 12 132 138 8 3 5 252 268 8 6 -2 92 85
8 -5 -3 369 355 8 -2 -4 226 250 B 0 14 209 225 8 3 6 292 324 8 6 1 148 152
8 -5 -2 368 364 8 -2 -3 136 120 8 0 15 137 119 8 3 7 293 314 8 6 2 271 274
8 -5 -1 108 n o 8 -2 -2 287 282 8 0 16 115 114 8 3 8 224 212 8 6 3 223 261
8 -5 0 478 484 8 -2 -1 197 193 8 0 18 64 51 8 3 9 90 84 8 6 4 217 221
8 -5 1 141 122 8 -2 0 356 345 8 0 19 95 89 8 3 10 393 402 8 6 5 514 512
8 ~J 2 228 227 8 -2 1 176 202 8 1-■13 85 100 8 3 11 165 172 8 6 6 287 280
8 -5 3 101 107 B -2 2 29B 304 8 1- 11 185 203 8 3 12 471 453 8 6 7 186 160
8 -5 4 222 205 8 -2 3 410 397 8 1 -9 262 263 8 3 13 88 90 8 6 8 500 489
8 -5 5 257 263 B -2 5 318 319 8 1 -8 122 129 8 3 14 170 186 8 6 10 489 486
8 -5 6 188 199 8 -2 6 184 193 8 1 -6 87 70 8 3 16 197 190 8 6 11 82 68
8 -5 7 340 354 8 -2 7 306 322 8 1 -5 298 297 8 3 17 199 198 8 6 12 ,  198 208
8 -5 9 189 203 8 -2 8 213 227 8 1 -4 96 98 8 3 18 63 69 8 6 14 95 100
B -5 11 108 121 B -2 9 197 207 8 1 -3 60 60 8 3 19 207 193 8 6 15 299 307
8 ~5 12 50 50 8 -2 11 254 253 8 1 -2 138 129 8 4-■11 93 98 8 6 16 120 112
8 -5 13 148 137 8 -2 13 207 211 8 1 -1 200 192 8 4 -9 63 66 8 6 17 140 135
8 -5 14 56 59 8 -2 14 175 154 8 1 0 89 102 8 4 -6 440 443 8 6 21 144 134
8 -5 15 93 101 8 -2 15 111 90 8 1 1 223 210 8 4 -5 118 135 8 7 - 10 68 81
8 -4 -■12 144 141 8 -2 16 121 122 8 1 2 382 374 8 4 -4 491 483 8 7 -7 119 112
8 -4 - 10 166 160 8 -2 18 101 69 8 1 3 282 257 8 4 -2 384 374 8 7 -5 61 63
8 -4 -9 233 246 8 -1 -•14 144 170 8 1 4 150 166 8 4 0 398 418 8 7 -4 125 123
8 -4 -7 B1 55 8 -1 -•12 181 193 8 1 5 201 213 8 4 1 66 64 8 7 -3 . 89 86
8 -4 -6 135 150 8 -1 --11 137 151 8 1 6 217 194 8 4 2 110 124 8 7 -2 118 129
8 -4 -5 163 153 8 -1 -•10 276 269 8 1 7 234 219 8 4 3 123 114 8 7 -1 139 131
8 -4 -4 174 131 8 -1 -8 298 296 8 1 9 255 277 8 4 4 88 78 8 7 0 116 128
8 -4 -3 412 393 8 -1 -7 325 332 8 1 10 141 139 8 4 5 68 72 8 7 1 263 258
8 -4 -2 261 247 8 -1 -5 189 199 8 1 11 226 225 8 4 7 136 155 8 7 2 109 95
8 -4 -1 358 359 8 -1 -4 90 90 8 1 12 130 129 8 4 8 63 58 8 7 5 157 164
8 -4 0 93 101 8 -1 -3 160 176 8 1 16 119 115 8 4 9 445 461 8 7 6 98 96
8 -4 1 366 373 8 -1 -2 361 321 8 1 18 105 95 8 4 10 317 326 8 7 7 150 154
8 -4 2 443 445 8 -1 - I 428 392 8 2-■12 151 155 8 4 11 251 242 8 7 11 100 96
8 -4 3 227 225 8 -1 0 643 619 8 2- 11 249 230 8 4 12 264 282 8 7 12 307 311
8 -4 4 483 465 8 -1 2 204 201 8 2-•10 130 154 8 4 13 136 136 8 7 13 64 76
8 -4 6 188 213 8 -1 3 446 434 8 2 -9 231 232 B 4 14 233 245 8 7 14 307 321
8 -4 7 107 114 8 -1 4 416 416 8 2 -7 176 168 8 4 16 217 237 8 7 15 53 57
8 -4 8 349 324 8 -1 5 581 537 8 2 -6 96 106 8 4 17 102 95 8 7 16 199 216
8 -4 9 118 100 8 -1 6 264 288 8 2 -5 253 256 8 4 18 131 134 8 7 17 112 119
8 -4 10 219 209 8 -1 7 80 66 8 2 -4 74 73 8 4 20 84 80 8 7 18 130 103
8 -4 U 132 126 8 -1 9 82 67 8 2 0 164 128 8 5-■10 n o 113 8 7 19 84 98
8 -4 14 116 115 8 -1 10 121 125 8 2 1 98 109 8 5 -8 118 108 8 7 20 86 72
8 -4 15 145 127 8 -1 11 124 122 8 2 2 627 665 8 5 -7 245 251 .8 7 21 109 100
8 -4 17 129 145 8 -1 12 195 189 8 2 3 146 131 8 5 -6 122 101 B 8 -9 114 121
8 -3 -8 117 91 8 -1 13 114 126 a 2 4 296 256 8 5 -4 244 239 8 8 -5 134 140
8 -3 -7 200 198 8 -1 14 102 113 8 2 6 546 550 8 5 -3 226 229 8 8 -3 114 110
8 -3 -6 280 294 8 -1 15 144 156 8 2 7 416 418 8 5 -2 307 323 8 8 -1 246 233
8 -3 -5 206 192 8 -1 17 106 92 8 2 8 512 531 8 5 -1 129 121 8 8 0 106 78
8 -3 -4 375 357 8 -1 18 76 72 8 2 9 174 180 8 5 0 373 369 8 8 1 304 295
8 -3 -3 153 144 8 0-■13 131 137 8 2 10 368 375 8 5 1 47 32 8 8 2 12B 123
8 -3 -2 216 214 8 0-■12 76 75 8 2 11 230 230 8 5 2 281 260 8 8 3 65 32
G33
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H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs fc a lc H K L Fobs Fcalc H K L Fobs Fcalc
8 8 4 171 211 8 11 17 125 132 9-12 3 154 141 9 -7 -4 404 397 9 -4 -4 307 315
8 8 5 82 64 8 11 18 122 112 9-12 4 228 229 9 -7 -3 62 59 9 -4 -3 226 210
8 B 6 173 160 8 12 -3 163 148 9-12 6 212 198 9 -7 -2 ’ 305 297 9 -4 -2 266 229
8 8 7 155 171 8 12 -1 13B 116 9-12 8 70 74 9 -7 0 121 128 9 -4 -1 66 74
8 8 9 159 168 8 12 0 107 109 9-11 -6 126 131 9 -7 2 111 85 9 -4 0 599 607
8 8 10 133 135 8 12 1 158 165 9-11 -4 182 187 9 -7 6 188 166 9 -4 1 251 244
8 8 11 200 203 8 12 3 72 61 9-11 -2 276 288 9 -7 7 81 110 9 -4 2 657 650
8 8 12 75 72 8 12 6 133 139 9-11 - I 269 281 9 -7 8 56 58 9 -4 3 460 429
8 8 13 216 200 8 12 7 131 144 9-11 0 138 137 9 -7 11 130 113 9 -4 4 585 573
8 8 14 108 105 8 12 8 318 321 9-11 1 277 272 9 -7 13 183 176 9 -4 5 485 488
8 8 15 183 189 8 12 9 198 220 9-11 3 246 264 9 -7 15 102 101 9 -4 6 137 126
8 8 16 134 118 8 12 10 215 212 9-11 5 275 276 9 -6 - 12 173 166 9 -4 7 249 226
8 8 17 128 154 8 12 12 151 145 9-11 6 159 154 9 -6 -■10 196 194 9 -4 8 167 167
8 8 18 215 213 8 12 13 185 182 9-11 7 118 107 9 -6 -9 214 210 9 -4 9 302 312
8 8 19 67 60 8 12 14 151 139 9-11 8 235 247 9 -6 -8 74 61 9 -4 10 159 155
8 B 20 134 137 8 12 15 183 171 9-11 10 138 123 9 -6 -7 340 332 9 -4 11 267 264
8 9 -8 126 107 8 12 17 165 154 9-10-•10 65 61 9 -6 -5 461 477 9 -4 12 105 97
8 9 -7 99 97 8 13 -1 78 81 9-10 -9 125 121 9 -6 -4 107 117 9 -4 13 223 205
8 9 -4 77 78 8 13 3 87 81 9-10 -3 222 216 9 -6 -3 625 627 9 -4 14 193 189
8 9 -3 64 58 6 13 5 95 98 9-10 -2 299 298 9 -6 -2 375 391 9 -4 15 122 119
8 9 -1 178 170 8 13 6 74 58 9-10 -1 62 68 9 -6 -1 367 360 9 -4 16 206 192
8 9 0 233 221 8 13 10 261 261 9-10 0 400 417 9 -6 0 454 446 9 -4 18 186 169
8 9 1 129 124 8 13 12 175 164 9-10 1 102 98 9 -6 2 145 162 9 -3 -9 80 64
8 9 2 114 121 8 13 14 187 171 9-10 2 217 238 9 -6 3 223 226 9 -3 -5 61 60
8 9 3 79 87 8 13 15 108 116 9-10 4 290 299 9 -6 4 136 150 9 -3 -3 277 251
8 9 4 72 62 8 13 16 117 130 9-10 5 292 272 9 -6 5 85 85 9 -3 -2 60 72
8 9 5 146 144 8 13 17 148 139 9-10 6 139 155 9 -6 6 333 357 9 -3 -1 248 249
8 9 6 308 298 8 14 0 149 158 9-10 7 199 212 9 -6 7 228 221 9 -3 0 216 220
8 9 8 231 240 8 14 2 94 69 9-10 9 89 103 9 -6 8 256 259 9 -3 2 197 195
8 9 9 114 104 8 14 4 69 49 9-10 10 97 90 9 -6 9 209 209 9 -3 3 66 58
8 9 11 70 92 8 14 6 81 73 9-10 12 86 88 9 -6 10 151 144 9 -3 4 178 167
8 9 12 73 69 8 14 7 184 213 9 - 9 - 10 172 167 9 -6 11 202 198 9 -3 5 131 143
8 9 13 176 182 8 14 8 79 81 9 -9 -9 82 79 9 -6 13 157 169 9 -3 6 '4 1 7 437
8 9 14 182 180 B 14 9 117 115 9 -9 -8 226 227 9 -6 15 120 119 9 -3 7 102 103
8 9 15 67 60 8 14 10 82 93 9 -9 -7 74 73 9 -5 -■13 170 155 9 -3 8 283 285
8 9 17 143 132 8 14 12 69 71 9 -9 -6 249 251 9 - 5 - 12 86 82 9 -3 10 93 95
8 9 18 62 77 8 14 13 123 125 9 -9 -3 114 103 9 -5 - 11 224 228 9 -3 11 75 62
8 9 20 146 127 8 14 14 134 127 9 -9 -2 97 112 9 -5 - 10 178 1B8 9 -3 13 6B 53
8 10 -6 137 137 8 14 15 72 60 9 -9 -1 177 183 9 -5 -9 210 204 9 -3 14 113 111
8 10 -4 153 154 8 15 2 138 147 9 -9 1 288 300 9 -5 -8 369 366 9 -3 15 184 188
8 10 -2 82 80 8 15 4 90 111 9 -9 2 371 356 9 -  J -7 90 76 9 -3 17 122 109
8 10 -1 235 239 8 15 6 158 141 9 -9 3 156 164 9 -5 -6 380 403 9 -3 19 83 85
8 10 0 193 188 8 15 10 73 88 9 -9 4 318 322 9 -5 -5 123 115 9 -2 -•13 59 73
8 10 1 126 104 9-14 -4 216 216 9 -9 6 145 143 9 -5 -4 326 336 9 -2 -■10 67 58
8 10 2 70 76 9-14 -2 157 157 9 -9 7 89 78 9 -5 -3 384 351 9 -2 -9 118 113
8 10 3 168 178 9-14 -1 80 61 9 -9 8 198 221 9 -5 -2 352 347 9 -2 -6 119 113
8 10 5 181 164 9-14 0 132 133 9 -9 10 169 174 9 -5 -1 573 556 9 -2 -5 75 71
8 10 8 244 240 9-14 1 109 123 9 -9 12 63 56 9 -5 0 197 173 9 -2 -4 162 156
8 10 9 315 309 9-14 2 67 58 9 -8 - •12 188 186 9 -5 1 589 581 9 -2 -3 185 191
8 10 10 267 256 9-14 3 81 106 9 - 8 - 10 145 163 9 -5 2 162 154 9 -2 -1 303 313
8 10 11 284 296 9-13 -7 195 202 9 -8 -9 66 63 9 -5 3 488 464 9 -2 0 139 121
8 10 12 313 319 9-13 -5 229 234 9 -8 -8 205 190 9 -5 4 357 340 9 -2 1 257 270
8 10 13 231 237 9-13 -4 166 175 9 -8 -6 398 398 9 -5 5 394 392 9 -2 3 328 3S8
8 10 14 319 323 9-13 -3 158 169 9 -8 -4 186 201 9 -5 6 386 371 9 -2 4 345 342
8 10 16 132 111 9-13 -2 204 201 9 -8 -3 118 114 9 -5 7 208 192 9 -2 5 148 157
8 10 17 121 100 9-13 - I 130 138 9 -8 -1 203 221 9 -5 8 297 278 9 -2 6 186 189
8 10 19 120 117 9-13 0 176 170 9 -8 0 174 184 9 -5 9 80 78 9 -2 8 520 515
8 11 -5 154 150 9-13 1 89 100 9 -8 3 120 109 9 -5 10 242 245 9 -2 10 311 331
8 11 -3 89 88 9-13 2 193 190 9 -8 4 212 201 9 -5 12 272 282 9 -2 17 141 141
8 11 -2 91 83 9-13 7 94 72 9 -B 7 60 74 9 -5 13 170 179 9 -2 19 116 110
8 11 0 100 102 9-12 -8 149 144 9 -8 9 270 267 9 -5 14 91 97 9 -1 --11 159 165
8 11 1 87 86 9-12 -7 131 142 9 -8 10 123 109 9 -5 15 182 168 9 -1 -9 124 132
8 11 4 75 74 9-12 -6 152 153 9 -8 11 140 151 9 -5 17 119 113 9 -1 -8 154 169
8 11 5 120 120 9-12 -5 249 258 9 -8 13 147 160 9 -4 - 11 124 152 9 - I -7 26B 264
8 11 7 72 64 9-12 -4 70 70 9 -8 14 83 76 9 -4 -•10 201 204 9 -1 -6 118 117
8 11 8 272 273 9-12 -3 310 317 9 - 7 - 11 227 243 9 -4 -9 270 280 9 -1 -5 282 288
8 11 11 182 180 9-12 -1 278 282 9 -7 -9 217 231 9 -4 -8 82 86 9 -1 -4 221 221
8 11 13 143 146 9-12 0 126 126 9 -7 -8 196 193 9 -4 -7 294 305 9 -1 -3 78 94
8 11 15 138 155 9-12 1 241 242 9 -7 -7 233 233 9 -4 -6 242 253 9 -1 -2 155 150
8 11 16 156 143 9-12 2 221 225 9 -7 -6 272 268 9 -4 -5 264 272 9 -1 0 166 175
C3.4
Values of lOtFobs and 10«Fcalc
H K L Fobs Fcalc H K L Fobs Fcalc
9 -1 2 460 460 9 2-•10 125 130
9 -1 3 470 465 9 2 -9 117 123
9 -1 4 62 77 9 2 -8 209 212
9 -1 5 218 230 9 2 -7 106 105
9 -1 6 54 50 9 2 -6 285 286
9 -1 7 133 152 9 2 -5 116 119
9 -1 9 186 196 9 2 -4 184 196
9 -1 10 246 255 9 2 -3 155 139
9 -1 11 107 104 9 2 -2 292 305
9 -1 12 281 298 9 2 -1 217 218
9 -1 13 109 113 9 2 0 195 196
9 -1 14 173 157 9 2 1 126 128
9 -1 16 96 89 9 2 2 42 32
9 -1 20 89 96 9 2 3 232 196
9 0-■12 144 120 9 2 4 222 209
9 0--10 198 207 9 2 6 109 137
9 0 -9 185 188 9 2 7 305 325
9 0 -8 302 319 9 2 8 74 72
9 0 -7 284 289 9 2 9 416 394
9 0 -6 171 163 9 2 10 253 246
9 0 -5 563 586 9 2 12 188 191
9 0 -3 442 436 9 2 13 107 120
9 0 -2 81 67 9 2 14 279 282
9 0 -1 415 418 9 2 15 95 94
9 0 0 159 171 9 2 16 233 239
9 0 1 304 291 9 2 17 79 75
9 0 2 349 323 9 2 18 136 119
9 0 3 51 50 9 2 19 89 82
9 0 4 353 33B 9 3 - 11 125 120
9 0 5 177 179 9 3 -9 71 77
9 0 6 297 284 9 3 -7 210 220
9 0 7 174 151 9 3 -6 214 217
9 0 8 289 299 9 3 -5 456 471
9 0 9 88 104 9 3 -4 141 106
9 0 10 216 217 9 3 -3 251 252
9 0 11 349 356 9 3 -2 143 141
9 0 12 167 182 9 3 -1 327 341
9 0 13 418 423 9 3 3 133 113
9 0 14 82 95 9 3 5 168 172
9 0 15 65 66 9 3 6 112 127
9 0 16 60 52 9 3 7 106 111
9 0 18 87 70 9 3 11 309 328
9 0 20 83 68 9 3 12 71 76
9 1--10 233 252 9 3 13 136 155
9 1 -8 254 261 9 3 15 157 163
9 1 -6 317 315 9 3 16 145 159
9 I -5 235 239 9 3 17 146 130
9 1 -4 107 106 9 3 18 150 133
9 1 -3 119 117 9 3 20 184 185
9 1 -1 405 407 9 4-•11 89 79
9 1 0 173 190 9 4 - 10 76 81
9 1 1 247 251 9 4 -8 132 115
9 1 2 383 421 9 4 -7 119 104
9 1 3 269 274 9 4 -6 62 64
9 1 4 87 79 9 4 -5 159 149
9 1 5 629 643 9 4 -4 57 61
9 1 6 481 474 9 4 -3 562 577
9 1 7 222 199 9 4 -1 459 463
9 1 8 508 512 9 4 0 179 194
9 1 9 110 110 9 4 1 475 478
9 1 10 358 363 9 4 2 74 63
9 1 11 165 169 9 4 3 327 372
9 1 12 319 315 9 4 4 167 172
9 1 13 48 43 9 4 5 221 221
9 1 14 270 279 9 4 6 72 79
9 1 15 227 241 9 4 7 153 161
9 1 16 76 82 9 4 9 65 76
9 1 17 147 146 9 4 10 137 132
9 1 19 73 71 9 4 11 54 62
9 2--11 112 122 9 4 12 92 93
H K L Fobs Fcalc H K L Fobs Fcalc H K L
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Fobs Fcalc
9 4 13 198 188 9 7 13 291 283 9 11 10 88 100
9 4 14 282 292 9 7 14 . 161 163 9 11 11 69 73
9 4 15 174 181 9 7 15 153 140 9 11 12 126 116
9 4 16 169 154 9 7 16 58 67 9 11 14 136 148
9 4 17 75 89 9 7 17 133 129 9 11 16 154 164
9 4 18 89 81 9 7 18 115 100 9 11 17 86 70
9 4 19 93 80 9 7 19 95 98 9 11 18 166 190
9 5 -9 127 141 9 8 -8 116 122 9 12 -3 83 75
9 5 -7 93 94 9 8 -7 104 100 9 12 -2 190 217
9 5 -6 151 127 9 8 -6 155 153 9 12 0 311 327
9 5 -5 236 209 9 8 -4 202 231 9 12 1 104 107
9 5 -3 158 143 9 8 -2 169 161 9 12 2 216 219
9 5 -2 183 170 9 8 5 186 186 9 12 3 97 83
9 5 -1 265 252 9 8 9 141 152 9 12 4 91 95
9 5 0 280 284 9 8 10 157 135 9 12 5 123 103
9 5 1 440 434 9 B 11 51 48 9 12 6 55 54
9 5 2 117 117 9 8 12 116 116 9 12 8 84 87
9 5 3 751 752 9 8 13 221 220 9 12 11 120 119
9 5 4 56 39 9 8 15 77 85 9 12 13 131 110
9 5 5 506 518 9 9 -7 123 125 9 12 15 129 138
9 5 6 52 50 9 9 -5 128 128 9 12 17 83 92
9 5 7 535 560 9 9 -4 108 103 9 13 -1 137 136
9 5 8 230 229 9 9 -2 217 218 9 13 0 69 64
9 5 9 114 111 9 9 0 350 356 9 13 1 126 122
9 5 11 326 313 9 9 1 75 64 9 13 2 158 141
9 5 12 230 242 9 9 2 172 178 9 13 4 203 195
9 5 14 117 118 9 9 3 180 192 9 13 6 116 119
9 5 15 65 72 9 9 4 112 115 9 13 8 113 122
9 5 16 168 182 9 9 5 190 197 9 13 10 65 63
9 5 17 163 153 9 9 7 233 219 9 13 11 91 106
9 5 IB 219 228 9 9 B 60 46 9 13 12 132 134
9 5 19 227 222 9 9 9 330 338 9 13 15 . 65 53
9 5 20 104 96 9 9 10 72 79 9 14 3 147 149
9 5 21 62 73 9 9 11 104 93 9 14 5 85 67
9 6 -8 99 116 9 9 13 108 100 9 14 7 88 83
9 6 -6 104 107 9 9 14 128 146 9 14 9 190 197
9 6 -3 245 242 9 9 16 163 153 9 14 10 105 121
9 6 -1 64 58 9 9 17 86 91 9 14 13 88 90
9 6 0 132 150 9 9 18 55 57 9 14 14 134 110
9 6 2 357 353 9 10 -5 140 108 9 15 5 88 84
9 6 4 348 335 9 10 -3 205 203 9 15 7 119 120
9 6 5 113 122 9 10 1 254 265 10-13 -4 140 131
9 6 6 321 319 9 10 3 146 160 10-13 -3 120 119
9 6 8 264 261 9 10 4 130 111 10-13 -2 109 80
9 6 9 327 328 9 10 5 124 121 10-13 -1 180 163
9 6 10 122 113 9 10 6 76 73 10-13 0 61 53
9 6 11 329 312 9 10 7 105 124 10-13 1 189 183
9 6 12 152 153 9 10 8 167 152 10-13 3 172 156
9 6 13 92 103 9 10 9 111 102 10-13 5 129 129
9 6 14 232 230 9 10 10 94 76 10-12 -5 155 162
9 6 15 82 80 9 10 11 207 200 10-12 -4 151 156
9 6 16 210 222 9 10 12 119 118 10-12 -2 195 207
9 6 17 130 119 9 10 13 141 136 10-12 0 254 242
9 6 18 199 203 9 10 14 197 192 10-12 1 98 97
9 6 20 157 171 9 10 15 227 242 10-12 2 213 221
9 7 -8 107 106 9 10 16 77 74 10-12 3 165 180
9 7 -6 266 268 9 10 17 167 181 10-12 4 158 157
9 7 -5 127 133 9 10 18 63 58 10-12 5 181 179
9 7 -4 89 95 9 10 19 B6 92 10-12 7 165 161
9 7 -2 236 246 9 11 -4 187 197 10-11 -5 251 262
9 7 -1 182 1B1 9 11 -2 154 165 10-11 -3 205 208
9 7 0 152 136 9 11 -1 180 182 10-11 -1 201 191
9 7 1 179 169 9 11 0 73 75 10-11 0 96 99
9 7 2 56 44 9 11 1 58 56 10-11 1 246 248
9 7 4 48 63 9 11 2 121 134 10-11 2 266 279
9 7 6 190 187 9 11 3 131 131 10-11 3 87 76
9 7 7 132 142 9 11 5 61 75 10-11 4 308 298
9 7 8 231 217 9 11 7 197 203 10-11 6 262 260
9 7 10 149 153 9 11 8 259 261 10-11 7 89 76
9 7 12 252 277 9 11 9 191 205 10-11 8 190 178
C35
Values a t lO«Fobs and 10*Fcalc
H k L Fobs Fcalc H K L Fobs Fcalc H K L
10--11 9 110 94 10 -6--11 100 107 10 -3 -5
10-•11 10 90 92 10 -6 -9 129 131 10 -3 -4
10--10 -8 133 135 10 -6 -8 115 112 10 -3 -2
10-10 -7 BO 84 10 -6 -7 177 196 10 -3 -1
10--10 -6 92 98 10 -6 -6 326 327 10 -3 0
10-•10 -3 115 95 10 -6 -5 123 134 10 -3 1
10--10 -1 71 73 10 -6 -4 390 398 10 -3 2
10-•10 1 105 122 10 -6 -3 104 108 10 -3 3
10-•10 3 166 178 10 -6 -2 233 241 10 -3 4
10-■10 4 79 85 10 -6 -1 73 73 10 -3 5
10--10 5 147 151 10 -6 0 360 366 10 -3 6
10-•10 6 203 210 10 -6 1 200 198 10 -3 7
10--10 7 116 88 10 -6 2 394 404 10 -3 8
10-•10 8 199 199 10 -6 3 335 347 10 -3 9
10--10 10 135 132 10 -6 5 70 83 10 -3 10
10-■10 11 67 65 10 -6 6 117 139 10 -3 11
10 -9 -9 133 130 10 -6 9 148 145 10 -3 12
10 -9 -8 107 108 10 -6 10 143 155 10 -3 13
10 -9 -7 139 147 10 -6 12 172 162 10 -3 14
10 -9 -6 120 128 10 -6 14 101 100 10 -3 15
10 -9 -5 206 195 10 -5 --10 212 204 10 -3 17
10 -9 -3 178 177 10 -5 -9 109 113 10 -2 -•10
10 -9 -2 66 44 10 -5 -8 150 152 10 -2 -9
10 -9 1 145 143 10 -5 -7 130 133 10 -2 -7
10 -9 2 51 62 10 -5 -6 16B 170 10 -2 -6
10 -9 4 196 211 10 -5 -5 211 219 10 -2 -5
10 -9 5 173 160 10 -5 -4 75 81 10 -2 -4
10 -9 6 101 103 10 -5 -3 151 137 10 -2 -2
10 -9 7 264 271 10 -5 -2 325 298 10 -2 -1
10 -9 8 146 154 10 -5 -1 87 92 10 -2 0
10 -9 9 174 169 10 -5 0 350 355 10 -2 2
10 -9 10 63 73 10 -5 1 107 128 10 -2 4
10 -9 11 162 158 10 -5 2 498 498 10 -2 6
10 -8 - -10 85 82 10 -5 4 630 589 10 -2 7
10 -8 -9 170 184 10 -5 6 575 580 10 -2 8
10 -B -7 230 208 10 -5 7 109 114 10 -2 9
10 -8 -6 115 93 10 -5 8 300 288 10 -2 11
10 -8 -5 156 153 10 -5 9 253 247 10 -2 12
10 -8 -3 374 386 10 -5 10 111 115 10 -2 13
10 -8 -2 n o 110 10 -5 11 221 218 10 -2 14
10 -8 -1 302 306 10 -5 13 173 165 10 -2 15
10 -8 0 271 269 10 -5 14 72 86 10 -2 16
10 -8 4 151 140 10 -5 15 152 140 10 -2 18
10 -8 5 123 121 10 -5 16 219 205 10 -1 - 10
10 -8 6 20B 214 10 -4 -■10 136 134 10 -1 -8
10 -8 7 119 121 10 -4 -7 85 62 10 -1 -7
10 -8 8 147 149 10 -4 -6 167 161 10 -1 -6
10 -8 9 87 90 10 -4 -5 124 122 10 -1 -4
10 -8 10 60 44 10 -4 -4 136 149 10 -1 -3
10 -8 11 77 76 10 -4 -3 269 255 10 - t -1
10 -8 12 81 82 10 -4 -2 167 159 10 -1 1
10 -8 13 112 115 10 -4 -1 360 368 10 -1 2
10 -8 14 93 74 10 -4 0 240 255 10 -1 3
10 -7 - •10 169 168 10 -4 1 240 235 10 -1 4
10 -7 -8 248 249 10 -4 2 50 56 10 -1 5
10 -7 -7 148 153 10 -4 3 329 338 10 -1 6
10 -7 -6 238 240 10 -4 5 470 492 10 -1 7
10 -7 -5 244 250 10 -4 6 353 367 10 -1 8
10 -7 -4 243 240 10 -4 7 322 343 10 -1 10
10 -7 -3 445 441 10 -4 8 408 387 10 -1 11
10 -7 -2 218 218 10 -4 10 254 267 10 -1 12
10 -7 -1 304 324 10 -4 12 231 239 10 -1 14
10 -7 0 235 234 10 -4 13 218 213 10 -1 15
10 -7 1 341 377 10 -4 15 176 183 10 -1 16
10 -7 2 74 78 10 -4 16 78 79 10 -1 17
10 -7 3 292 295 10 -4 17 130 122 10 0-■11
10 -7 4 192 197 10 -3 -■10 187 194 10 0-■10
10 -7 7 101 105 10 -3 -8 200 220 10 0 -8
10 -7 10 135 133 10 -3 -7 150 163 10 0 -6
10 -7 11 140 121 10 -3 -6 229 245 10 0 -5
Fobs Fcalc H K L Fobs Fcalc H K L
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Fobs Fcalc--- ---- - - - --- ---- - -  - --- ----
62 65 10 0 -4 299 286 10 3 -4 235 238
278 297 10 0 -2 .286 307 10 3 -3 86 77
404 414 10 0 -1 161 145 10 3 -2 303 294
69 57 10 0 0 336 335 10 3 -1 259 272
321 341 10 0 1 220 227 10 3 0 129 135
106 106 10 0 2 96 91 10 3 1 274 273
105 80 10 0 3 157 163 10 3 3 213 237
374 368 10 0 5 167 170 10 3 5 373 393
162 148 10 0 6 66 71 10 3 6 67 57
451 439 10 0 7 120 128 10 3 7 376 383
311 298 10 0 8 192 193 10 3 8 228 256
429 404 10 0 9 140 141 10 3 9 254 264
188 194 10 0 10 157 169 10 3 10 236 240
451 452 10 0 11 109 91 10 3 11 187 207
192 190 10 0 12 158 143 10 3 12 219 209
219 247 10 0 15 n o 114 10 3 13 211 204
257 266 10 0 16 184 196 10 3 14 308 319
99 90 10 0 18 153 151 10 3 15 66 82
208 216 10 1--11 97 103 10 3 16 179 174
72 90 10 1 -9 127 117 10 3 17 117 118
82 95 10 1 -8 106 106 10 3 18 118 97
93 89 10 1 -7 135 147 10 3 19 99 86
85 79 10 1 -6 91 95 10 4 -9 140 134
222 238 10 1 -5 494 506 10 4 -7 128 136
146 130 10 1 -4 159 154 10 4 -6 100 103
92 89 10 1 -3 448 445 10 4 -3 134 146
67 49 10 1 -2 290 278 10 4 -2 401 418
150 149 10 1 -1 274 266 10 4 0 443 429
103 126 10 1 0 303 309 10 4 1 223 218
228 238 10 1 1 346 350 10 4 2 256 267
284 308 10 1 2 589 584 10 4 4 250 259
389 400 10 1 3 252 262 10 4 7 .1 67 167
189 168 10 1 4 281 299 10 4 9 121 133
139 125 10 1 5 243 232 10 4 10 150 140
131 122 10 1 6 51 54 10 4 11 105 121
273 285 10 1 7 168 174 10 4 12 73 76
185 198 10 1 9 159 1B0 10 4 13 81 80
64 44 10 1 11 244 247 10 4 14 209 199
192 174 10 1 12 251 253 10 4 15 165 159
81 64 10 1 13 87 81 10 4 16 139 138
127 128 10 1 14 177 159 10 4 17 69 71
59 60 10 1 18 96 84 10 4 18 193 1B2
107 92 10 1 20 141 113 10 4 20 81 76
103 95 10 2- 10 67 59 10 5 -8 100 104
148 156 10 2 -8 117 102 10 5 -6 76 B1
124 113 10 2 -7 119 126 10 5 -5 111 102
96 86 10 2 -6 286 283 10 5 -4 211 220
1B6 164 10 2 -5 395 401 10 5 -3 127 142
111 94 10 2 -4 114 134 10 5 -1 156 154
119 137 10 2 -3 203 213 10 5 1 237 236
141 133 10 2 -1 534 526 10 5 2 296 312
131 118 10 2 0 108 115 10 5 3 140 149
78 84 10 2 1 452 429 10 5 4 559 561
76 86 10 2 2 352 343 10 5 5 232 249
147 142 10 2 3 372 378 10 5 6 458 453
292 298 10 2 4 547 548 10 5 7 81 76
185 195 10 2 5 122 119 10 5 8 292 305
367 378 10 2 6 428 422 10 5 9 117 122
87 93 10 2 7 54 36 10 5 10 232 255
115 109 10 2 8 253 237 10 5 11 221 243
106 93 10 2 9 64 64 10 5 13 70 61
205 210 10 2 10 212 234 10 5 14 119 120
174 155 10 2 11 166 157 10 5 15 135 132
75 61 10 2 12 304 319 10 5 16 78 89
113 98 10 2 13 326 327 10 5 17 170 155
78 71 10 2 15 179 182 10 5 19 166 155
104 106 10 2 17 164 155 10 5 20 149 148
117 115 10 3 -8 56 55 10 6 -5 113 106
60 69 10 3 -6 150 164 10 6 -3 84 89
145 135 10 3 -5 299 298 10 6 -2 134 142
036
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K K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc
10 6 -1 104 105 10 10 -4 173 173 11-11 -2 177 176 11 -6 3 297 290 11 -2 -7 149 145
10 b 1 247 232 10 10 -2 176 203 11-11 0 148 158 11 -6 4 . 391 391 11 -2 -5 170 183
10 b 3 311 309 10 10 0 120 n o 11-11 1 101 99 11 -6 5 235 237 11 -2 -4 113 89
10 b 4 56 72 10 10 1 145 155 11-11 2 83 87 11 -6 6 507 510 11 -2 -3 265 267
10 b 5 260 254 10 10 2 123 136 11-11 3 106 85 11 -6 8 322 325 11 -2 -1 420 423
10 b 6 267 276 10 10 3 234 241 11-11 4 65 65 11 -6 9 140 155 11 -2 0 183 191
10 b 7 331 352 10 10 4 177 186 11-11 5 173 151 11 -6 13 128 122 11 -2 1 281 259
10 b 8 179 168 10 10 5 281 277 11-11 7 157 161 11 -6 15 72 71 11 -2 3 256 260
10 b 9 218 226 10 10 7 264 275 11-11 9 144 151 11 -5 -9 158 159 11 -2 4 59 55
10 b 10 173 165 10 10 9 115 116 11-10 -7 175 175 11 “5 -7 130 106 11 -2 5 203 208
10 b 11 21B 219 10 10 10 191 185 11-10 -5 150 150 11 -5 -6 B6 68 11 -2 7 369 37B
10 b 12 289 297 10 10 12 160 163 11-10 -3 129 129 11 -5 -5 116 87 11 -2 8 269 259
10 b 13 56 29 10 10 13 71 55 11-10 -2 191 200 11 -5 -4 143 155 11 -2 9 58 57
10 b 14 254 253 10 10 14 153 146 11-10 -1 155 129 11 -5 -2 232 224 11 -2 10 313 306
10 b 15 76 77 10 10 16 106 102 11-10 0 202 217 11 -5 0 337 343 11 -2 11 73 61
10 b lb 174 170 10 11 -3 169 175 11-10 2 250 243 11 -5 1 344 346 11 -2 12 306 308
10 b 17 B9 78 10 11 -2 73 76 11-10 4 220 203 11 -5 2 278 270 11 -2 13 59 99
10 b 18 102 97 10 11 -1 99 98 11-10 6 166 162 11 -5 3 552 592 11 -2 14 248 240
10 b 19 140 142 10 11 0 141 137 11-10 7 116 106 11 -5 4 147 132 11 -2 15 130 111
10 7 -7 95 95 10 11 1 186 192 11-10 8 141 136 11 -5 5 573 592 11 -2 16 163 165
10 7 -6 100 B7 10 11 2 135 132 11-10 9 193 189 11 -5 7 269 276 11 -2 17 78 73
10 7 -5 78 73 10 11 4 182 181 11 -9 -7 120 103 11 -5 8 55 48 11 -2 18 64 58
10 7 -3 70 74 10 11 6 116 119 11 -9 -6 63 55 11 -5 9 291 292 11 -1 -9 124 109
10 7 -1 152 155 10 11 8 225 223 11 -9 -5 201 192 11 -5 10 281 2B1 11 -1 -8 139 138
10 7 0 76 58 10 11 9 150 154 11 -9 -4 154 150 11 -5 11 123 121 11 -1 -7 88 114
10 7 1 243 255 10 11 10 259 260 11 -9 -3 133 130 11 -5 12 199 194 11 -1 -6 n o 107
10 7 5 184 171 10 11 12 5B 64 11 -9 1 72 69 11 -5 14 111 107 11 -1 -5 72 68
10 7 7 228 216 10 11 13 103 96 11 -9 4 163 167 11 -5 15 79 81 11 -1 -4 286 289
10 7 9 287 295 10 11 15 145 142 11 -9 6 117 114 11 -5 16 127 108 11 -1 -2 165 167
10 7 10 114 120 10 11 17 93 86 11 -9 7 77 72 11 -4 - 10 99 97 11 -1 -1 147 141
10 7 11 444 442 10 11 18 99 108 11 -9 8 137 133 11 -4 -9 62 65 11 -1 0 218 217
10 7 13 343 350 10 12 -1 176 172 11 -9 9 68 77 11 -4 -7 135 160 11 -1 2 109 107
10 7 14 63 57 10 12 1 231 231 11 -9 10 212 211 11 -4 -5 152 139 11 -1 3 '  90 95
10 7 15 365 360 10 12 3 218 235 11 -9 11 59 50 11 -4 -2 104 100 11 -1 5 131 133
10 7 16 127 125 10 12 4 107 104 11 -9 12 129 127 11 -4 0 180 175 11 -1 7 209 195
10 7 17 119 130 10 12 5 156 156 11 -8 -9 64 55 1 1 - 4 1 187 189 11 -1 8 56 54
10 7 18 173 167 10 12 6 154 151 11 -8 -8 1 IB 105 11 -4 2 190 194 11 -1 9 156 193
10 7 20 158 169 10 12 7 63 71 11 -8 -6 105 99 11 -4 3 116 111 11 -1 10 70 78
10 B -5 223 222 10 12 9 63 73 11 -8 -4 116 112 11 -4 4 80 83 11 -1 11 262 276
10 B -4 99 100 10 12 10 69 54 11 -8 -3 156 142 11 -4 5 176 178 11 -1 12 230 214
10 8 -3 209 198 10 12 16 79 98 11 -8 2 86 89 11 -4 7 119 123 11 -1 13 319 302
10 B -2 105 98 10 13 1 110 114 11 -8 5 87 85 11 -4 8 354 361 11 -1 14 306 299
10 8 -1 145 153 10 13 2 151 136 11 -8 12 92 83 11 -4 9 172 17B 11 -1 16 176 156
10 B 0 146 145 10 13 3 174 188 11 -7 -9 181 185 11 -4 10 183 176 11 -1 18 180 175
10 8 1 94 83 10 13 4 9B 94 11 -7 -7 168 177 11 -4 11 262 274 11 0 -9 93 96
10 8 2 85 91 to 13 5 237 232 11 -7 -6 128 118 11 -4 12 72 67 11 0 -8 112 130
10 B 7 124 118 10 13 6 74 74 11 -7 -5 242 241 11 -4 13 232 235 11 0 -7 135 149
10 8 9 61 70 10 13 7 278 287 11 -7 -4 157 160 11 -4 14 76 68 11 0 -5 191 IBS
10 B 12 96 97 10 13 8 130 137 11 -7 -3 273 270 11 -4 15 166 155 11 0 -4 108 117
10 8 13 112 100 10 13 9 203 198 11 -7 -2 326 325 11 -4 16 99 94 11 0 -3 56 55
10 8 14 176 182 10 13 10 83 92 11 -7 -1 181 183 11 -3 -9 189 210 11 0 -2 143 153
10 8 17 92 117 10 13 12 117 109 11 -7 0 422 415 11 -3 -7 199 213 11 0 -1 80 74
10 8 19 80 B3 10 13 13 85 89 11 -7 1 109 80 11 -3 -5 111 100 11 0 1 86 86
10 9 -5 116 111 10 13 14 89 85 11 -7 2 212 200 11 -3 -3 129 147 11 0 2 55 58
10 9 -4 244 262 10 14 4 107 137 11 -7 4 222 226 11 -3 -2 110 124 11 0 4 107 92
10 9 -3 238 251 10 14 6 165 184 11 -7 6 129 142 11 -3 1 68 59 11 0 6 52 51
10 9 -2 198 192 10 14 7 162 168 11 -7 7 194 201 11 -3 4 127 147 11 0 11 97 110
10 9 -1 316 330 10 14 8 127 120 11 -7 8 59 55 11 -3 5 66 62 11 0 12 71 72
10 9 0 128 134 10 14 9 124 127 11 -7 9 122 121 11 -3 6 217 205 11 0 14 70 80
10 9 1 450 466 10 14 10 104 92 11 -7 10 70 77 11 -3 8 350 320 11 0 15 189 181
10 9 2 191 210 10 14 11 131 137 11 -6 - 10 143 157 11 -3 9 148 147 u  o 17 112 95
10 9 3 269 275 10 14 13 139 132 11 -6 -8 112 105 11 -3 10 425 451 11 0 19 106 102
10 9 4 99 110 11- 12 -1 124 119 11 -6 -6 61 77 11 -3 12 301 284 11 1 -9 57 43
10 9 5 118 139 11--12 1 144 151 11 -6 -4 123 149 11 -3 13 53 44 11 1 -8 129 148
10 9 9 159 169 11- 12 3 166 149 11 -6 -3 264 272 11 -3 14 130 159 11 1 -2 131 141
10 9 10 231 234 11--12 5 126 123 11 -6 -2 71 76 11 -3 15 113 125 11 1 -1 279 276
10 9 11 118 121 11- 12 6 83 79 11 -6 -1 629 661 11 -3 17 121 123 11 1 0 152 157
10 9 12 137 125 11- 11 -6 167 146 11 -6 0 245 250 11 -3 18 91 85 11 1 1 408 400
10 9 14 131 124 11- 11 -5 76 76 11 -6 1 569 568 11 -2 - 10 142 143 11 1 3 229 233
10 9 15 57 69 11--11 -4 171 189 11 -6 2 376 385 11 -2 -9 56 48 11 1 5 379 389
C37
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K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc
1 6 255 265 11 4 16 51 21 11 9 -4 95 92 12-11 5 68 63 12 -5 3 199 199
1 7 145 158 1! 4 17 202 188 11 9 -3 192 212 12-11 6 86 97 12 -5 4 208 213
1 8 256 267 11 4 19 134 125 11 9 -2 173 185 12-10 -4 ’ 163 165 12 -5 5 252 266
1 10 145 120 11 5 -7 157 143 11 9 -1 207 203 12-10 -2 124 129 12 -5 6 423 434
1 13 88 88 11 5 -6 109 102 11 9 0 246 249 12-10 -1 70 63 12 rJ 8 425 416
1 15 75 61 11 5 -4 145 140 11 9 1 154 166 12-10 0 126 130 12 -5 9 178 186
1 16 132 118 11 5 -2 122 117 11 9 2 407 418 12-10 1 169 180 12 -5 10 124 115
1 IB 103 96 11 5 1 170 157 11 9 3 140 155 12-10 2 87 81 12 -5 12 127 123
1 19 82 75 11 5 2 83 86 11 9 4 322 319 12-10 '3 219 222 12 -5 13 158 161
2 -9 69 70 11 5 4 192 190 11 9 6 196 195 12-10 5 176 184 12 -5 15 142 138
2 -3 245 246 11 s 5 181 191 11 9 7 83 80 12-10 7 111 94 12 -4 -8 185 167
2 -2 122 122 11 5 6 272 268 11 9 8 83 90 12-10 8 84 83 12 -4 -6 87 82
2 0 278 2B2 11 5 7 365 361 11 9 10 183 193 12-10 9 90 98 12 -4 -2 233 231
2 1 68 75 11 5 8 139 115 11 9 11 196 200 12 -9 -4 70 72 12 -4 -1 197 203
2 2 298 313 11 5 9 306 335 11 9 12 104 100 12 -9 -3 86 75 12 -4 0 114 114
2 3 293 288 11 5 11 301 317 11 9 13 118 90 12 -9 -2 98 82 12 -4 1 121 107
2 4 349 337 11 5 12 109 75 11 9 15 96 100 12 -9 -1 84 70 12 -4 4 131 129
2 5 466 476 11 5 13 222 219 11 9 16 87 83 12 -9 0 131 133 12 -4 5 205 200
2 6 . 153 159 11 5 14 172 178 11 9 17 81 69 12 -9 2 157 147 12 -4 6 316 321
2 7 363 369 11 5 16 180 187 11 10 -1 166 1B0 12 -9 4 139 140 12 -4 7 231 233
2 9 316 317 11 5 17 74 60 11 10 1 197 195 12 -9 5 138 152 12 -4 8 379 384
2 10 255 261 11 5 18 135 144 11 10 2 119 126 12 -9 6 123 123 12 -4 9 183 166
2 11 73 80 11 5 19 61 80 11 10 3 218 209 12 -9 7 140 145 12 -4 10 237 248
2 12 218 212 11 5 20 74 81 11 10 4 287 295 12 -9 8 84 85 12 -4 11 135 118
2 13 130 117 11 6 -7 102 93 11 10 5 247 241 12 -9 9 148 136 12 -4 12 183 181
2 16 103 108 11 6 -5 100 87 11 10 6 2B0 285 12 -9 11 105 94 12 -4 14 177 168
2 18 86 88 11 6 -1 108 77 11 10 7 160 163 12 -8 -4 70 79 12 -4 16 94 84
2 20 113 104 11 6 6 IBB 169 11 10 8 400 410 12 -8 -3 101 89 12 -3 -6 184 210
3 -9 89 87 11 6 7 106 96 11 10 9 79 61 12 -8 -2 149 151 12 -3 -5 56 41
3 -3 339 342 11 6 8 301 303 11 10 10 170 155 12 -8 -1 133 112 12 -3 -4 217 201
3 -2 142 136 11 6 9 184 176 11 10 13 263 265 12 -8 0 84 85 12 -3 -2 133 133
3 -1 229 232 11 6 10 111 106 11 10 14 126 132 12 -8 1 110 115 12 -3 -1 87 90
3 1 346 349 11 6 11 141 140 11 10 15 123 113 12 -8 2 134 128 12 -3 0 '1 6 6 170
3 2 263 240 11 6 12 139 132 11 10 16 111 n o 12 -8 3 90 92 12 -3 2 204 198
3 3 250 248 11 6 13 257 271 11 11 0 106 113 12 -8 4 117 116 12 -3 3 84 83
3 4 367 384 11 6 15 292 285 11 11 1 164 165 12 -8 5 115 103 12 -3 4 121 116
3 5 184 193 11 6 17 239 226 11 11 2 124 138 12 -8 6 141 126 12 -3 5 123 128
3 6 207 201 11 6 18 150 152 11 11 3 137 121 12 -8 8 150 144 12 -3 6 119 106
3 7 224 195 11 7 -6 79 83 11 11 4 77 73 12 -8 10 142 121 12 -3 7 63 58
3 8 156 158 11 7 -5 94 96 11 11 5 223 223 12 -8 11 81 B3 12 -3 8 132 139
3 9 209 221 11 7 -3 81 100 11 11 7 208 215 12 -7 -6 122 107 12 -3 9 121 116
3 10 154 149 11 7 -2 74 58 11 11 9 118 123 12 -7 -5 79 87 12 -3 10 202 203
3 11 411 414 11 7 1 191 212 11 11 10 154 162 12 -7 -4 149 159 12 -3 11 252 270
3 12 188 169 11 7 2 80 81 11 11 11 191 208 12 -7 -3 144 138 12 -3 12 123 123
3 13 356 345 11 7 3 157 152 11 11 12 138 125 12 -7 2 83 76 12 -3 13 177 170
3 14 209 200 11 7 4 91 88 11 11 15 86 95 12 -7 3 130 116 12 -3 14 125 114
3 15 112 117 11 7 6 65 67 11 11 17 84 B9 12 -7 4 83 B5 12 -3 15 92 98
3 18 69 63 11 7 7 61 62 11 12 2 136 127 12 -7 9 78 85 12 -3 16 101 93
3 20 75 65 11 7 10 182 177 11 12 4 140 143 12 -7 10 116 100 12 -3  17 94 87
4 -8 191 189 11 7 11 89 99 11 12 5 77 72 12 -7 12 76 89 12 -2 -7 125 105
4 -6 282 299 11 7 13 122 118 11 12 6 118 121 12 -6 -7 170 159 12 -2 -6 59 46
4 -5 80 84 11 7 14 150 161 11 12 7 130 148 12 -6 -5 167 165 12 -2 -5 119 129
4 -4 191 178 11 7 16 138 159 11 12 8 97 95 12 -6 -4 116 125 12 -2 -4 113 114
4 -3 84 79 11 7 18 150 149 11 12 9 184 191 12 -6 0 90 95 12 -2 -3 9B 98
4 -2 217 200 11 7 19 84 88 11 12 11 158 165 12 -6 2 242 257 12 -2 -2 120 129
4 -1 200 197 11 8 -4 229 223 11 12 13 172 174 12 -6 3 151 169 12 -2 0 107 97
4 1 244 231 11 8 -2 214 219 11 12 15 70 64 12 -6 4 231 220 12 -2 1 187 188
4 2 85 91 11 8 -1 178 163 11 13 4 129 89 12 -6 5 226 22B 12 -2 2 93 95
4 3 411 390 11 8 0 213 213 11 13 5 97 87 12 -6 6 187 189 12 -2 3 73 78
4 4 285 293 11 8 1 225 230 11 13 6 153 148 12 -6 7 177 168 12 -2 4 93 96
4 5 329 353 11 8 2 130 125 11 13 8 142 136 12 -6 9 108 102 12 -2 5 70 82
4 6 273 268 11 8 3 161 155 11 13 10 210 207 12 -6 11 149 130 12' -2 9 106 97
4 7 171 161 11 8 4 76 95 11 13 12 95 85 12 -6 12 73 61 12 -2 11 189 191
4 8 445 436 11 8 6 165 167 11 13 13 68 69 12 -5 -8 89 102 12 -2 13 236 220
4 10 306 322 11 8 7 73 63 12-11 -3 199 187 12 -5 -5 68 61 12 -2 15 212 202
4 11 100 B6 11 8 8 125 126 12-11 -1 254 259 12 -5 -3 83 63 12 -2 17 137 129
4 12 407 428 11 8 10 126 108 12-11 1 162 169 12 -5 -2 72 74 12 -1 -5 63 60
4 13 17B 186 11 8 14 137 137 12-11 2 96 90 12 -5 -1 199 198 12 -1 -4 126 131
4 14 148 138 11 8 16 121 100 12-11 3 129 112 12 -5 0 178 178 12 -1 -3 166 164
4 15 234 235 11 8 IB 75 66 12-11 4 121 103 12 -5 2 190 183 12 -1 -2 206 191
C38
Values of 10*Fobs and lO iF c a lc
H K L Fobs Fcalc H K L Fobs
12 -1 0 129 106 12 4 -5 180
12 - I 2 64 69 12 4 -3 308
12 -1 5 172 177 12 4 0 155
12 -1 7 173 188 12 4 2 101
12 -1 8 136 146 12 4 4 197
12 -1 9 92 84 12 4 5 88
12 -1 10 209 219 12 4 6 274
12 -1 12 137 142 12 4 7 122
12 -1 15 130 129 12 4 8 156
12 -1 16 74 82 12 4 9 261
12 -1 17 199 194 12 4 11 295
12 0 -8 74 73 12 4 12 202
12 0 -1 297 297 12 4 14 75
12 0 0 154 152 12 4 16 127
12 0 1 155 138 12 4 18 125
12 0 2 95 90 12 5 -6 108
12 0 6 103 124 12 5 -4 163
12 0 1 255 247 12 5 -3 299
12 0 9 207 201 12 5 -2 83
12 0 11 144 153 12 5 -1 263
12 0 12 154 136 12 5 1 210
12 0 14 149 163 12 5 2 123
12 0 16 161 155 12 5 3 285
12 0 18 117 111 12 5 4 196
12 1 -8 132 115 12 5 6 168
12 1 -7 170 169 12 5 8 83
12 1 -6 64 73 12 5 9 78
12 1 -5 254 252 12 5 10 171
12 1 -4 64 73 12 5 11 170
12 1 -3 126 141 12 5 12 194
12 1 -1 78 72 12 5 13 354
12 1 0 105 91 12 5 15 281
12 1 4 107 104 12 5 17 143
12 1 6 75 64 12 5 19 148
12 1 11 76 79 12 6 -5 60
12 1 13 155 160 12 6 -4 180
12 1 14 112 100 12 6 -2 102
12 1 16 82 75 12 6 0 125
12 1 18 87 83 12 6 1 78
12 2 -8 162 179 12 6 2 183
12 2 -6 158 139 12 6 5 109
12 2 -5 204 200 12 6 9 157
12 2 -3 96 108 12 6 11 276
12 2 -2 203 196 12 6 12 178
12 2 1 102 76 12 6 13 180
12 2 3 124 118 12 6 14 166
12 2 4 71 58 12 6 15 110
12 2 5 57 43 12 6 16 187
12 2 6 110 99 12 6 18 81
12 2 7 91 120 12 7 -4 167
12 2 8 142 153 12 7 -2 129
12 2 10 73 75 12 7 1 121
12 2 12 93 85 12 7 3 108
12 2 13 57 39 12 7 4 74
12 2 14 99 118 12 7 5 64
12 3 -7 122 107 12 7 9 66
12 3 -6 153 151 12 7 12 89
12 3 -1 84 88 12 7 13 94
12 3 0 239 243 12 7 18 66
12 3 1 121 134 12 8 -3 175
12 3 2 58 49 12 8 -1 205
12 3 3 78 59 12 B 0 124
12 3 4 105 91 12 8 1 208
12 3 5 144 139 12 8 2 100
12 3 7 249 245 12 8 3 107
12 3 8 240 231 12 8 10 78
12 3 9 236 231 12 8 11 88
12 3 10 270 267 12 8 15 122
12 3 14 105 106 12 8 17 140
12 3 16 92 86 12 9 -2 170
ca lc H K L Fobs Fcalc H K I
182 12 9 -1 125 122 13 -6 -1
304 12 9 0 124 139 13 -6 1
164 12 9 1 184 180 13 -6 3
100 12 9 3 284 278 13 -6 5
197 12 9 5 234 236 13 -6 7
86 12 9 7 190 178 13 -6 9
281 12 9 11 168 182 13 -6 10
91 12 9 13 94 96 13 -6 12
149 12 10 0 185 184 13 -5 -6
250 12 10 2 269 279 13 -5 -5
299 12 10 3 108 98 13 -5 -4
195 12 10 4 235 224 13 -5 -2
72 12 10 5 262 270 13 -5 2
141 12 10 6 197 201 13 -5 8
132 12 10 7 244 247 13 -5 9
115 12 10 8 167 172 13 “J 11
182 12 10 9 293 313 13 -5 12
303 12 10 10 148 147 13 -5 13
90 12 10 11 196 187 13 -5 14
285 12 10 14 103 99 13 -4 -7
206 12 10 16 122 113 13 -4 -5
116 12 11 1 129 128 13 -4 -3
294 12 11 2 69 82 13 -4 -2
197 12 11 3 181 169 13 -4 0
164 12 11 4 164 165 13 -4 1
70 12 11 6 212 223 13 -4 5
87 12 11 8 233 224 13 -4 7
173 12 11 10 160 153 13 -4 9
160 12 11 11 165 168 13 -4 10
185 12 11 12 237 250 13 -4 11
354 12 11 13 127 132 13 -4 12
250 12 11 14 84 89 13 -4 13
154 12 11 15 87 75 13 -4 15
123 12 12 7 102 119 13 -3 -6
56 12 12 8 122 131 13 -3 -5
188 12 12 9 111 122 13 -3 -4
97 12 12 10 151 158 13 -3 -3
119 12 12 11 98 78 13 -3 -2
70 12 12 12 160 175 13 ■3 -1
185 12 12 14 189 171 13 -3 0
113 12 13 9 99 97 13 -3 1
144 13--to - t 143 132 13 -3 2
292 13-■10 2 133 117 13 -3 3
181 13--10 4 165 157 13 -3 5
182 13-•10 6 206 202 13 -3 7
186 13 -9 -3 73 71 13 -3 8
100 13 -9 -1 137 122 13 -3 9
185 13 -9 0 74 66 13 -3 11
74 13 -9 1 129 121 13 *3 12
162 13 -9 3 199 188 13 -3 13
138 13 -9 4 55 53 13 -3 14
133 13 -9 5 175 149 13 -3 16
94 13 -9 6 111 98 13 -2 -7
79 13 -9 7 125 129 13 -2 -6
92 13 -9 8 135 146 13 -2 -5
61 13 -8 7 73 68 13 -2 -4
101 13 -8 9 136 129 13 -2 -2
106 13 -8 10 94 82 13 -2 0
71 13 -8 11 153 130 13 -2 1
185 13 -7 -5 172 167 13 -2 2
202 13 -7 -3 58 55 13 -2 3
108 13 -7 0 71 73 13 -2 4
211 13 -7 2 71 64 13 -2 5
103 13 -7 6 104 108 13 -2 7
96 13 -7 7 67 57 13 -2 8
82 13 -7 8 134 121 13 -2 10
105 13 -7 9 113 90 13 -2 14
114 13 -6 -6 138 130 13 -1 -7
137 13 -6 -4 89 91 13 -1 -1
195 13 -6 -3 113 115 13 -1 2
Fobs Fcalc H K L
Page 24 
Fobs Fcalc
151 146 13 -1 4 244 246
. M l 136 13 -1 5 98 80
79 86 13 -1 6 91 99
187 190 13 -1 11 106 101
122 129 13 -1 14 117 112
143 125 13 -1 16 104 107
137 118 13 0 -6 113 112
85 81 13 0 -1 133 146
77 73 13 0 2 126 114
73 67 13 0 4 91 81
124 138 13 0 6 64 57
115 100 13 0 8 115 117
82 67 13 0 9 234 254
85 94 13 0 10 127 141
126 119 13 0 11 80 85
119 116 13 0 12 144 151
86 97 13 0 14 78 59
62 58 13 0 15 70 54
118 100 13 0 17 86 84
189 198 13 1 -6 124 125
228 225 13 1 -4 186 16B
168 165 13 1 -2 116 91
83 81 13 1 -1 77 80
69 66 13 1 0 150 154
85 106 13 1 2 83 104
112 134 13 1 3 90 80
63 79 13 1 6 52 52
130 118 13 1 8 188 167
132 139 13 1 9 209 220
177 173 13 1 11 182 197
118 120 13 1 13 167 167
126 111 13 1 15 115 113
136 127 13 1 16 '126 114
148 148 13 1 17 57 61
73 86 13 2 -5 219 201
189 188 13 2 -4 142 138
187 177 13 2 -3 213 219
93 120 13 2 -2 341 353
250 268 13 2 -1 89 90
103 92 13 2 0 163 158
200 190 13 2 4 87 82
117 113 13 2 5 86 76
154 168 13 2 13 82 77
91 108 13 2 15 100 97
107 108 13 3 -5 259 267
210 198 13 3 -4 189 188
146 166 13 3 -3 258 265
114 115 13 3 -1 234 237
67 63 13 3 0 175 171
73 59 13 3 1 278 264
91 93 13 3 2 131 139
89 76 13 3 3 128 127
134 138 13 3 4 201 194
59 69 13 3 5 76 72
128 111 13 3 6 106 95
119 127 13 3 9 n o 96
349 371 13 3 12 103 113
455 466 13 3 13 103 93
327 323 13 3 15 116 97
114 118 13 3 17 72 64
1B8 193 13. 4 -4 178 216
65 67 13 4 -3 69 76
217 227 13 4 -2 262 274
292 300 13 4 0 184 187
181 165 13 4 1 219 222
80 105 13 4 2 85 85
151 150 13 4 3 253 257
75 73 13 4 5 140 145
141 147 13 4 7 180 210
154 170 13 4 12 74 89
C39
Values of 10*Fob5 and lO fFca lc Page 25
H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc
13 4 13 98 76 13 10 8 109 98 14 -2 -1 252 249 14 3 9 125 137 14 9 7 129 122
13 4 14 152 140 13 10 9 147 136 14 -2 1 271 291 14 3 11 ' 119 121 14 9 9 138 152
13 5 -3 81 85 13 10 10 112 112 14 -2 3 240 245 14 3 15 62 69 14 9 11 238 227
13 5 -2 119 117 13 10 11 137 115 14 -2 4 161 171 14 4 -3 300 314 14 9 14 98 94
13 5 -1 187 194 13 10 12 103 85 14 -2 6 154 147 14 4 -2 158 148 14 10 7 60 60
13 5 0 306 339 13 10 13 142 149 14 -2 10 84 91 14 4 -1 329 330 14 10 12 111 118
13 S 2 280 282 13 11 5 126 126 14 -2 15 87 77 14 4 0 160 163 15 -7 3 101 94
13 5 3 57 51 13 11 7 178 189 14 - t -5 96 105 14 4 1 150 164 15 -7 4 65 82
13 3 4 213 198 13 11 9 229 215 14 -1 -4 175 174 14 4 2 182 210 15 -7 5 90 84
13 3 5 56 50 13 11 10 127 115 14 -1 -2 241 249 14 4 3 116 106 15 -7 6 116 121
13 5 b 133 133 13 11 11 133 120 14 -1 -1 129 150 14 4 4 287 296 . 15 -6 0 132 113
13 5 7 178 169 13 11 12 174 158 14 -1 0 170 185 14 4 6 272 277 15 -6 1 137 112
13 5 9 171 156 13 11 13 151 164 14 -1 1 310 302 14 4 7 65 58 15 -6 3 113 95
13 5 13 55 51 14 -B -1 89 99 14 -1 2 98 88 14 4 8 251 250 15 -6 7 80 69
13 5 15 124 122 14 -8 1 127 108 14 -1 3 336 342 14 4 10 134 146 15 -5 0 138 148
13 3 16 93 92 14 -8 2 59 44 14 -1 5 306 318 14 4 11 102 107 15 -5 2 206 186
13 5 17 113 94 14 -8 3 67 63 14 -1 7 359 371 14 4 13 125 139 15 -5 4 13B 138
13 5 18 101 106 14 -8 4 80 66 14 -1 8 262 276 14 4 15 133 109 15 -5 5 142 135
13 6 -3 109 122 14 -8 5 56 52 14 -1 9 123 124 14 4 17 82 74 15 -5 6 71 59
13 6 -1 194 200 14 -8 6 92 101 14 -1 10 160 152 14 5 -2 94 101 15 -5 7 140 138
13 b 1 157 172 14 -B 8 139 138 14 0 -5 105 103 14 5 -1 174 182 15 -5 9 84 87
13 b 2 101 99 14 -7 -2 75 83 14 0 -3 170 180 14 5 1 202 228 15 -5 11 70 69
13 b 3 132 123 14 -6 -3 176 167 14 0 -2 69 54 14 5 2 74 90 15 -4 - I 130 125
13 b 4 193 200 14 -6 -2 77 83 14 0 -1 197 208 14 5 3 255 268 15 -4 0 63 62
13 b 5 60 54 14 -6 -1 159 156 14 0 0 274 272 14 5 5 244 257 15 -4 I 149 149
13 b 6 236 236 14 -6 0 105 109 14 0 2 177 178 14 5 6 144 160 15 -4 2 147 148
13 b 8 192 193 14 -6 1 78 73 14 0 3 111 105 14 5 7 153 156 15 -4 3 162 162
13 b 9 73 68 14 -6 2 77 81 14 0 4 151 162 14 5 8 189 204 15 -4 4 210 219
13 b 10 143 131 14 -6 4 88 87 14 0 5 150 147 14 5 9 65 48 15 -4 5 93 90
13 b 11 133 124 14 -6 7 76 75 14 0 6 238 233 14 5 10 195 205 15 -4 6 159 170
13 7 -2 99 104 14 -5 -4 131 117 14 0 7 249 262 14 5 11 64 68 15 -4 8 144 165
13 7 -1 139 154 14 -5 -3 93 113 14 0 8 88 95 14 5 12 177 175 15 -4 9 • 92 89
13 7 1 225 224 14 -5 -2 94 91 14 0 9 250 239 14 5 14 141 139 15 -4 10 70 56
13 7 3 305 305 14 -5 -1 227 221 14 0 11 130 119 14 5 15 54 50 15 -3 -2 120 10B
13 7 4 96 103 14 -5 1 210 210 14 0 13 146 156 14 5 16 122 115 15 -3 -1 127 125
13 7 5 211 223 14 -5 4 100 92 14 0 15 91 90 14 6 0 127 134 15 -3 0 144 141
13 7 6 169 171 14 -5 6 135 134 14 1 -2 80 103 14 6 1 66 67 15 -3 1 175 102
13 7 7 87 93 14 -5 B 130 118 14 1 -1 164 145 14 6 2 152 149 15 -3 3 136 119
13 7 8 105 102 14 -5 10 91 86 14 1 0 86 118 14 6 3 162 168 15 -3 5 120 140
13 7 9 n o 118 14 -5 11 65 65 14 1 1 87 77 14 6 4 97 112 15 -3 6 91 87
13 7 10 153 159 14 -4 -4 136 145 14 1 6 71 87 14 6 5 155 184 15 -3 7 136 145
13 7 11 57 60 14 -4 -2 125 145 14 1 9 89 107 14 6 6 98 105 15 -3 8 150 158
13 7 12 210 202 14 -4 0 120 124 14 1 11 119 100 14 6 7 233 260 15 -3 10 90 119
13 7 13 79 91 14 -4 1 176 169 14 1 12 120 117 14 6 9 194 202 15 -3 12 67 71
13 7 14 90 64 14 -4 3 142 136 14 1 14 92 108 14 6 11 118 116 15 -2 -2 161 156
13 7 15 128 133 14 -4 5 153 143 14 1 16 108 99 14 6 13 119 116 15 -2 0 217 219
13 7 17 97 93 14 -4 7 107 108 14 2 -4 89 89 14 6 14 62 40 15 -2 1 72 76
13 8 0 85 78 14 -4 9 116 106 14 2 -3 96 114 14 7 0 64 52 15 -2 2 152 159
13 8 2 166 178 14 -4 10 92 84 14 2 -1 164 167 14 7 1 162 154 15 -2 3 125 120
13 8 4 213 221 14 -4 11 80 88 14 2 0 106 119 14 7 2 179 204 15 -2 4 136 145
13 8 5 84 66 14 -4 13 126 126 14 2 1 153 158 14 7 3 101 83 15 -2 5 170 157
13 8 11 120 125 14 -3 -5 198 180 14 2 2 131 129 14 7 4 173 171 15 -2 6 80 94
13 8 13 207 215 14 -3 -4 125 125 14 2 3 127 117 14 7 6 195 219 15 -2 7 165 159
13 8 14 101 89 14 -3 -3 164 173 14 2 7 143 161 14 7 7 115 96 15 -2 9 162 139
13 8 15 107 106 14 -3 -2 180 200 14 2 8 104 112 14 7 8 206 196 15 -2 11 124 121
13 8 16 84 99 14 -3 -1 66 46 14 2 11 80 85 14 7 9 185 195 15 -2 13 101 103
13 9 0 98 B6 14 -3 0 105 112 14 2 13 112 108 14 7 10 64 57 15 -2 14 61 35
13 9 2 64 62 14 -3 1 62 64 14 2 14 61 65 14 7 11 173 176 15 -1 -1 146 126
13 9 4 143 133 14 -3 2 187 176 14 2 16 121 114 14 7 14 73 73 15 -1 0 75 74
13 9 6 174 164 14 -3 4 148 149 14 3 -3 153 158 14 7 15 149 145 15 -1 1 162 156
13 9 7 57 60 14 -3 5 60 62 14 3 -2 219 226 14 8 5 113 129 15' -1 2 138 152
13 9 8 190 199 14 -3 10 82 85 14 3 0 155 168 14 8 7 93 103 15 -1 3 177 164
13 9 10 181 167 14 -3 11 98 94 14 3 1 140 150 14 8 8 199 190 15 -1 4 267 260
13 9 12 83 86 14 -3 12 117 122 14 3 2 228 231 14 8 10 165 173 15 -1 6 240 233
13 9 13 94 82 14 -3 13 102 99 14 3 3 133 145 14 8 11 105 108 15 -1 7 63 75
13 9 IS 105 100 14 -3 14 83 77 14 3 4 175 193 14 B 12 92 104 15 -1 8 121 110
13 10 3 102 122 14 -3 15 132 124 14 3 5 171 174 14 8 13 158 147 15 -1 10 167 177
13 10 5 131 96 14 -2 -5 144 132 14 3 6 132 132 14 8 14 118 96 15 -1 11 143 135
13 10 6 91 69 14 -2 -4 153 186 14 3 7 132 146 14 9 3 123 113 15 -1 13 119 129
13 10 i 190 178 14 -2 -3 247 244 14 3 8 107 92 14 9 5 178 170 15 0 -1 80 86
C40
Values of 10#Fobs and 10*Fcalc
H K L Fobs Fcalc H K L Fobs Fcalc
15 0 0 59 58 15 6 11 85 88
15 0 2 85 99 15 6 12 216 209
15 0 3 254 261 15 6 13 175 172
15 0 5 255 246 15 6 14 99 86
15 0 b 197 189 15 6 15 152 165
15 0 7 130 125 15 7 3 106 111
15 0 8 1 bb 172 15 7 4 127 123
15 0 9 129 122 15 7 5 150 165
15 0 10 245 235 15 7 7 108 133
15 0 12 184 179 15 7 9 138 144
15 0 14 116 115 15 7 10 105 94
15 1 -2 145 161 15 7 11 114 118
15 1 0 183 200 15 7 12 135 152
15 1 2 127 131 15 7 13 137 118
15 1 3 108 105 15 7 14 219 222
15 1 4 70 62 15 8 6 110 108
15 1 5 121 117 15 8 8 111 98
15 1 7 244 242 15 8 9 86 119
15 1 B 129 134 15 8 11 86 87
15 1 9 208 194 15 8 12 63 48
15 1 10 173 177 16 -5 5 93 113
15 1 12 114 106 16 -4 3 123 115
15 1 15 77 76 16 -4 4 89 91
15 2 -1 143 151 16 -4 5 133 135
15 2 0 169 184 16 -4 6 114 120
15 2 1 132 129 16 -4 7 150 145
15 2 2 200 211 16 -4 9 131 109
15 2 4 120 134 16 -3 2 86 68
15 2 b 171 172 16 -3 4 97 83
15 2 8 125 103 16 -3 6 124 114
15 2 9 204 215 16 -3 7 74 77
15 2 10 82 106 16 -3 8 125 120
15 3 -1 63 63 16 -3 9 114 101
15 3 0 116 119 16 -3 10 99 95
15 3 1 135 135 16 -2 1 119 124
15 3 3 194 208 16 -2 3 131 137
15 3 4 120 111 16 -2 4 56 60
15 3 5 154 180 16 -2 5 123 100
15 3 b 121 114 16 -2 6 73 67
15 3 7 137 144 16 -2 7 57 60
15 3 8 126 114 16 -2 10 114 103
15 4 0 150 174 16 -2 11 56 47
15 4 2 179 195 16 -1 1 127 133
15 4 3 95 104 16 -1 2 120 121
15 4 4 121 119 16 -1 3 142 142
15 4 5 196 199 16 -1 4 73 76
15 4 7 146 162 16 -1 5 157 154
15 4 9 179 187 16 -1 6 58 54
15 4 11 206 204 16 -1 7 191 206
15 4 12 130 99 16 -1 9 170 182
15 4 13 119 115 16 -1 10 116 95
15 4 14 127 135 16 -1 11 86 82
15 5 2 123 118 16 -1 12 69 59
15 5 4 134 121 16 0 2 68 63
15 5 b 151 163 16 0 4 120 111
15 5 7 91 91 16 0 6 154 156
15 5 8 173 173 16 0 7 72 70
15 5 9 142 153 16 0 8 163 159
15 5 10 138 138 16 0 9 124 121
15 5 11 219 233 16 0 10 102 86
15 5 13 124 137 16 0 11 133 128
15 5 15 88 88 16 0 13 158 148
15 b 2 133 116 16 1 2 56 55
15 b 3 145 144 16 1 3 86 83
15 b 4 161 154 16 1 6 89 81
15 b 5 129 124 16 1 10 169 158
15 b 6 181 194 16 1 12 151 139
15 b 7 63 68 16 t 13 127 116
15 b 8 218 210 16 2 3 155 154
15 b 10 232 238 16 2 5 167 166
H K L Fobs Fcalc H K L Fobs Fcalc H
16 2 7 124 122
16 2 9 120 101
16 2 10 142 116
16 2 12 203 193
16 3 2 129 133
16 3 4 144 153
16 3 5 56 67
16 3 6 136 149
16 3 7 121 119
16 3 8 98 108
16 3 9 144 156
16 3 12 75 79
16 4 3 132 153
16 4 5 112 91
16 4 6 86 95
16 4 7 82 84
16 4 8 172 178
16 4 10 126 n o
16 4 11 70 73
16 5 5 138 128
16 5 7 142 131
16 5 9 137 121
16 5 10 85 76
16 5 11 86 92
16 5 12 140 117
16 6 6 149 128
16 6 7 96 98
16 6 9 90 104
16 6 11 16B 161
Page 26 
K L Fobs Fcalc
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Values of 10*Fobs and 10*Fcalc Page 1
H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc
0 0 15 37 9 0 10 -6 32 5 1-14 -1 0 64 1 -4  18 ' 0 14 1 7 -5 20 12
0 0 17 38 70 0 10 -3 0 50 1-14 7 51 38 1 -3 -1 8 37 61 1 7 11 27 48
0 0 19 13 11 0 10 -1 17 38 1-13-16 0 7 1 -3 -1 6 0 60 1 8-10 46 60
0 1-19 17 24 0 10 5 40 26 1-13-13 0 38 1 -3 -1 0 61 109 1 8 -8 24 28
0 1-18 34 17 0 10 12 40 27 1-13-10 55 45 1 -3  -8 37 50 1 8 3 24 41
0 1-17 0 9 0 11-12 40 13 1-13 -3 17 15 1 -3  -5 16 30 1 8 16 0 12
0 1-16 46 43 0 11 0 26 36 1-13 2 0 30 1 -3  2 34 22 1 8 17 0 18
0 1-15 25 52 0 11 2 37 62 1-13 5 0 9 1 -3  11 32 21 1 8 19 0 97
0 1-14 37 45 0 11 16 55 51 1-13 6 29 22 1 -3  17 27 36 1 9-13 0 13
0 1-13 0 7 0 11 18 0 18 1-13 8 51 49 1 -2 -1 9 31 31 1 9 - 9 0 32
0 1-10 8 37 0 12-10 15 35 1-12 1 0 25 1 -2 -1 2 0 11 1 9 -6 0 29
0 1 -6 34 30 0 12 -8 0 29 1-12 3 60 63 1 -2  4 26 44 1 9 -4 62 109
0 2-18 33 47 0 12 -6 37 38 1-12 5 30 53 1 -2  8 35 33 1 9 -2 0 58
0 2-15 0 22 0 12 0 51 64 1-12 10 53 61 1 -2  10 38 62 1 9 13 30 17
0 2-11 21 31 0 12 12 35 43 1-12 11 0 24 1 -2  14 0 31 1 9 14 11 54
0 2-10 32 31 0 12 17 4 43 1-11-17 13 3 1 -2  16 28 13 1 9 16 46 36
0 2 18 23 29 0 13 -3 39 37 1-11-15 38 24 1 -2  17 34 3 1 10-12 37 75
0 3-18 40 44 0 13 -1 38 64 1-11-11 52 56 1 -2  19 28 16 1 10-10 0 36
0 3-17 20 24 0 13 1 49 48 1-11 -8 0 39 1 -1 -1 9 52 60 1 10 -7 80 94
0 3-16 25 16 0 13 8 0 16 1-11 1 34 61 1 -1 -1 3 0 25 1 10 -5 0 32
0 3-14 18 15 0 13 10 27 11 1-11 3 26 30 1 -1 5 0 80 1 10 2 37 30
0 3-13 60 73 0 13 14 52 55 1-11 6 0 39 1 -1 16 33 9 1 10 11 0 52
0 3 -4 37 66 0 13 16 35 35 1-11 9 51 46 1 -1 17 0 65 1 11 -8 25 53
0 3 4 0 63 0 14 2 36 48 1-10-11 12 34 1 -1 18 0 40 1 11 -4 26 45
0 3 7 46 19 0 14 3 36 21 1-10-10 49 70 1 -1 19 47 20 1 11 3 0 26
0 3 14 25 12 0 14 7 20 23 1-10 10 41 45 1 0-19 31 9 1 11 7 75 83
0 3 17 0 14 0 14 8 21 16 1-10 12 0 10 1 0-18 44 55 1 11 17 49 43
0 3 19 34 19 0 14 13 0 38 1 -9 -1 6 30 26 1 0-17 0 11 1 12 -9 52 79
0 4-17 38 31 0 15 -5 37 39 1 -9 -1 1 28 44 1 0 -9 42 92 1 12 -3 0 18
0 4-16 42 58 0 15 2 26 48 1 -9  -7 0 29 1 0 -3 0 16 1 12 -2 0 15
0 4-13 38 12 0 15 4 43 28 1 -9  -3 0 25 1 0 18 0 59 1 12 -1 • 0 27
0 4-12 53 69 0 15 6 7 5 1 -9  -1 0 13 1 1-18 0 9 1 12 7 75 87
0 5-16 19 28 0 15 9 25 32 1 -9  6 0 25 1 1-16 47 30 1 12 9 33 73
0 5-12 14 19 0 15 10 36 45 1 -9  8 0 11 1 1-10 0 47 1 12 16 70 73
0 5 -9 30 41 0 15 11 11 62 1 -9  12 72 85 1 1 13 36 34 1 12 18 12 43
0 5 4 28 60 0 15 13 7 2 1 -9  13 0 28 1 1 17 42 32 1 13 4 26 33
0 5 13 27 32 0 16 1 21 28 1 -9  14 49 39 1 2-18 69 86 1 13 7 0 25
0 5 IB 45 57 0 16 3 32 10 1 -8 -1 9 0 34 1 2-17 24 13 1 13 9 56 51
0 5 20 0 33 0 16 5 27 32 1 -8 -1 7 0 25 1 2-10 0 25 1 13 13 0 22
0 6-15 31 38 0 16 10 45 79 ‘ 1 -B -6 11 58 1 2 14 0 58 1 13 15 19 13
0 6-12 18 3 0 16 12 0 34 1 -B 13 45 11 1 2 19 25 42 1 13 17 33 10
0 6-10 14 26 0 17 0 72 74 1 -8  14 36 54 1 3-16 0 9 1 14 4 51 49
0 6 -3 32 50 0 17 3 60 58 1 -7 -1 9 38 28 1 3-15 35 55 1 14 9 39 53
0 6 -1 4 6 0 17 4 68 88 1 -7 -1 8 35 78 1 3-14 45 57 1 14 11 0 18
0 6 17 24 61 0 17 5 42 44 1 -7 -1 7 0 34 1 3-13 0 15 1 14 14 44 70
0 6 19 37 55 0 17 7 37 3 1 -7 -1 5 48 58 1 3-12 30 86 1 14 15 0 10
0 7-15 40 49 0 17 9 29 15 1 -7  14 0 32 1 3-10 12 48 1 14 16 0 64
0 7-12 12 29 1-17 -9 B1 103 1 -7  15 0 21 1 3 -6 0 20 1 15 -4 0 33
0 7-10 24 34 1-17 -6 50 61 1 -7  16 35 38 1 3 18 63 58 1 15 -2 76 102
0 7 -9 48 66 1-17 -5 39 41 1 -6 -1 8 42 10 1 3 20 50 49 1 15 3 86 106
0 7 -6 29 32 1-17 -4 13 4 1 -6 -1 7 0 12 1 4-16 15 47 1 15 7 50 3
0 8-15 43 56 1-17 -3 50 52 1 -6 -1 6 0 41 1 4-14 0 10 1 15 8 0 27
0 8-13 29 25 1-17 -1 0 33 1 -6 -1 5 0 24 1 4-11 0 17 1 15 9 0 12
0 8-12 55 38 1-16-11 0 67 1 -6  -9 29 35 1 4 8 37 19 1 15 10 0 49
0 B - l l 47 54 1-16 -9 48 50 1 -6  -8 0 19 1 4 15 0 61 1 15 13 31 73
0 8 -9 9 1 1-16 0 22 3 1 -6  -7 36 32 1 4 17 0 4 1 15 14 4 62
0 8 -7 19 37 1-16 2 0 8 1 -6  13 38 15 1 4 19 0 17 1 16 -3 49 48
0 8 15 33 64 1-15-12 0 19 1 -6  15 43 40 1 5-16 62 76 1 16 2 41 64
0 8 16 46 48 1-15-10 6 10 1 -5 -1 9 49 27 1 5-15 32 31 1 16 4 46 78
0 8 17 28 27 1-15 -8 49 65 1 -5 -1 7 0 60 1 5 -8 27 43 1' 16 6 0 30
0 9-14 38 11 1-15 -4 0 37 1 -5 -1 4 48 38 1 5 6 0 31 1 16 8 47 48
0 9-12 34 56 1-15 -3 43 0 1 -5 -1 3 0 13 1 5 14 32 36 1 16 13 0 6
0 9-10 0 18 1-15 -1 17 9 1 -5  4 29 53 1 6-16 0 25 1 17 1 0 54
0 9 -6 47 75 1-15 1 46 31 1 -5  6 37 71 1 6-14 41 23 1 17 10 0 16
0 9 -3 15 39 1-15 6 18 3 1 -5  8 34 25 1 6-13 55 50 2-17  -5 44 44
0 9 17 0 36 1-14-13 0 7 1 -5  17 0 47 1 6-12 72 65 2-17  -3 0 24
0 9 18 46 40 1-14 -6 43 62 1 -4 -1 9 44 60 1 6 -9 0 3 2-17  -1 0 62
0 9 19 43 42 1-14 -5 35 35 1 -4 -2 20 60 1 6 12 28 44 2-16  -8 16 72
0 10-13 33 41 1-14 -4 40 65 1 -4  14 25 34 1 6 18 36 26 2-1 6  -6 43 6
0 10-11 21 26 1-14 -2 24 35 1 -4 16 41 3 1 6 20 0 32 2-16  1 0 11
Table C. 8 Unobserved structure factor tables (FoFc)
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Values of 10*Fobs and 10«Fcalc
H K L Fobs Fcalc K K L Fobs Fcalc H K L
2-16 3 24 28 2 -6 -1 9 68 85 2 3--17
2-15 -13 56 14 2 -6 -1 8 31 34 2 3-13
2-15--11 0 31 2 -6 -1 6 0 23 2 3--12
2-15 -9 53 53 2 -6 -1 5 51 33 2 3 -10
2-15 0 8 30 2 -6 -1 4 30 49 2 3 -6
2-15 5 42 32 2 -6 -1 3 45 3 2 3 -1
2-15 6 13 80 2 -6  -3 0 71 2 3 5
2-14--14 37 52 2 -6  1 45 51 2 3 19
2-14--13 0 55 2 -6  16 44 64 2 4-■16
2-14--12 0 10 2 -6  17 0 51 2 4--13
2-14-■11 0 33 2 -5 -1 9 0 20 2 4 -9
2-14--10 0 10 2 -5 -1 8 0 7 2 4 0
2-14 -7 47 60 2 -5 -1 6 33 75 2 4 18
2-14 -6 60 39 2 -5 -1 5 0 26 2 4 19
2-14 -5 25 6 2 -5 -1 2 0 26 2 5--16
2-14 -3 0 15 2 -5  -5 37 12 2 5--10
2-14 -1 0 10 2 -5  0 28 10 2 5 -8
2-14 0 40 63 2 -5  2 32 24 2 5 4
2-14 6 44 59 2 -5  9 0 41 2 5 11
2-14 8 43 64 2 -5  13 17 12 2 5 12
2 -13 -■15 0 5 2 -5  16 0 46 2 5 17
2-13--10 17 39 2 -4 -1 8 34 10 2 5 18
2-13 0 30 39 2 -4 -1 7 29 20 2 5 20
2-13 1 0 26 2 -4 -1 6 50 35 2 6--13
2-13 4 0 29 2 -4 -1 4 0 51 2 6 -6
2-13 6 0 55 2 -4 -1 1 0 43 2 6 17
2-13 8 41 64 2 -4 -1 0 52 68 2 6 19
2-12 -4 54 62 2 -4  -7 38 15 2 7--13
2-12 2 45 12 2 -4  -5 31 67 2 7 9
2-12 5 24 20 2 -4  3 0 17 2 7 15
2-12 7 29 33 2 -4  8 0 21 2 7 16
2-12 8 31 16 2 -4  10 30 42 2 7 17
2-12 9 36 73 2 -4  15 0 12 2 7 18
2-12 11 23 24 2 -4  17 0 54 2 8--14
2 -11 -■14 27 27 2 -3 -1 9 0 34 2 B -7
2-11 -7 36 37 2 -3 -1 7 0 12 2 8 11
2-11 6 33 35 2 -3 -1 4 0 44 2 B 17
2-11 9 0 50 2 -3 -1 2 0 14 2 8 18
2-11 10 0 34 2 -3 -1 0 29 16 2 8 20
2-11 12 43 26 2 - 3 - 9 0 23 2 9-■12
2-1 0 -■17 21 8 2 -3  14 20 39 2 9-•10
2-10-■12 49 10 2 -3  16 0 12 2 9 1
2-1 0-•11 44 51 2 -3  19 46 63 2 9 10
2-10 -6 19 14 2 -2 -1 8 38 48 2 9 12
2-10 7 33 59 2 -2  9 43 47 2 9 15
2-10 10 0 48 2 -2  16 42 44 2 9 17
2-10 13 26 9 2 -2  18 0 59 2 9 19
2 -9 -■15 42 17 2 -2  19 47 58 2 10-■10
2 -9 -8 0 13 2 -1 -1 2 0 22 2 10 -4
2 -9 -7 33 70 2 0-18 19 11 2 10 19
2 -9 -2 0 8 2 0-16 0 24 2 11- 11
2 -9 1 24 14 2 0-11 22 32 2 11 -9
2 -9 7 26 31 2 0 17 12 10 2 11 -8
2 -9 11 0 37 2 0 19 47 56 2 11 -7
2 -9 14 0 5 2 0 20 76 100 2 11 -4
2 -B-■IB 0 49 2 1-18 0 27 2 11 6
2 -B -■16 0 26 2 1-15 0 12 2 11 8
2 -8 -■12 54 71 2 1-14 37 11 2 11 10
2 -B -7 20 8 2 1-13 41 44 2 11 15
2 -8 -5 51 21 2 1 -6 25 16 2 12 -9
2 -8 13 47 30 2 1 11 39 15 2 12 - 8
2 -B 14 0 11 2 1 16 47 39 2 12 -7
2 -B 15 0 41 2 1 18 0 2 2 12 -5
2 -7 -■17 36 39 2 1 20 54 67 2 12 -3
2 -7 -■15 39 73 2 2-16 0 13 2 12 -1
2 -7 -•11 23 16 Z 2-14 41 49 2 12 2
2 -7 6 0 14 2 2 -9 34 24 2 12 6
2 -7 14 35 28 2 2  -5 17 66 2 12 7
2 -7 15 39 56 2 2 15 0 B 2 12 8
2 -7 16 29 10 2 2 20 38 35 2 12 10
Page 2
obs Fcalc H K  I Fobs Fcalc H K L Fobs Fcalc
13 30 2 12 14 . 25 23 3 -9  10 40 42
40 38 2 12 15 0 8 3 -9  12 0 14
22 13 2 12 17 50 39 3 -9  13 0 33
0 17 2 13 -6 31 55 3 -8 -1 7 28 94
31 34 2 13 -4 34 44 3 -8 -1 5 22 26
0 48 2 13 -2 8 45 3 -8 -1 3 0 4
36 104 2 13 6 22 49 3 -8  6 39 58
0 19 2 13 14 0 16 3 -8  9 0 66
28 27 2 13 15 0 19 3 -8  15 0 31
34 19 2 13 16 0 11 3 -7 -1 8 21 11
47 47 2 14 0 29 4 3 -7 -1 6 54 46
27 31 2 14 2 64 74 3 -7 -1 3 0 38
23 30 2 14 7 38 39 3 -7  -9 0 20
44 84 2 14 12 48 80 3 - 7  2 33 34
11 38 2 14 16 49 26 3 -7  5 31 33
68 80 2 15 -3 0 9 3 -7  7 25 33
35 33 2 15 8 18 41 3 -7  15 0 24
33 2 2 15 11 0 13 3 -6 -1 7 0 38
22 15 2 15 12 0 40 3 -6 -1 5 35 26
41 26 2 15 13 0 68 3 -6 -1 3 0 30
29 41 2 16 -2 41 83 3 -6 -1 1 0 33
43 57 2 16 3 0 10 3 -6  -5 0 33
16 46 2 16 12 0 8 3 -6  11 0 56
43 54 3-17  -6 41 60 3 -6  13 24 65
0 79 3-17 -4 34 12 3 -6  17 0 34
0 16 3-17 -2 0 13 3 -5 -1 8 0 15
39 5 3-16  -7 0 38 3 -5  1 35 42
34 3 3-16  -5 50 7 3 -5  12 0 10
40 48 3-16 -3 32 20 3 -5  17 0 64
34 30 3-16  2 18 36 3 -4 -1 8 34 7
30 30 3-16 3 48 78 3 -4 -1 7 29 5B
0 30 3-1 5  -8 39 15 3 -4 -1 6 * 26 21
53 45 3-15  -1 0 50 3 -4 -1 4 43 13
0 56 3 -1 4 -1 3 37 8 3 - 4  0 29 41
39 60 3-1 4 -1 2 0 34 3 -4  16 12 28
0 36 3-14-11 0 12 3 -4  18 36 8
0 58 3-14 -10 37 70 3 -3-1B 32 8
38 51 3-14 -9 20 71 3 -3 -1 5 37 39
0 38 3-14 -8 0 IB 3 -3 -1 3 0 34
43 70 3-14  -2 25 23 3 -3 -1 0 0 11
0 57 3-14 1 25 14 3 -3  -3 14 86
23 5 3-14 5 0 42 3 -3  10 34 21
0 7 3-14 7 12 24 3 -3  13 19 31
0 18 3-13 -14 57 101 3 -3  14 0 58
49 32 3-13-11 56 74 3 -3  17 46 22
50 59 3-13  -9 23 39 3 -3  18 46 41
0 26 3-13 -7 0 1 3 -3  19 41 74
48 60 3-1 3  -4 37 17 3 -2 -1 4 30 12
3B 44 3-13 2 37 85 3 -2 -1 2 39 63
34 43 3-13  3 37 76 3 -2  -7 31 31
0 25 3-13 7 37 62 3 -2  -4 35 21
0 58 3-1 2 -1 5 0 47 3 -2  -1 0 133
0 20 3 -1 2 -1 3 9 IB 3 - 2  6 0 18
0 4 3-12  -8 0 52 3 -2  12 35 48
30 16 3-12 -1 24 18 3 -2  14 27 12
23 14 3 -1 2  8 23 30 3 -2  15 37 32
0 29 3-12  10 0 39 3 -2  17 0 9
42 34 3 -1 1 -1 6 0 39 3 -1 -1 8 0 20
0 15 3-11 -4 25 43 3 -1 -1 7 78 82
35 63 3-11 7 62 65 3 .-1 -1 1 0 1
0 13 3-11 12 16 31 3 -1  -9 23 71
25 27 3-1 0 -1 6 32 26 3 - 1 9 0 117
47 29 3-10 -15 34 6B 3 -1 IB 60 68
32 43 3-10 -14 41 64 3 -1 20 49 52
0 47 3-10 -5 43 87 3 0 -7 0 6
33 31 3-10  -2 0 55 3 0 7 20 58
0 14 3-10  9 0 38 3 0 13 29 86
58 53 3-10 13 0 6 3 0 20 51 55
32 40 3 -9 -1 4 0 19 3 1-17 0 11
50 41 3 -9  4 0 70 3 1-15 43 75
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H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc H X L Fobs Fcalc
3 1-11 31 333 3 11 -2 0 11 4-1 2  0 51 33 4 -4 -1 5 12 33 4 6 -9 0 21
3 1 -B 0 5 3 11 -1 0 12 4-12  1 21 16 4 -4 -1 3 . 8 21 4 6 7 29 37
3 1 6 30 64 3 11 2 45 53 4-12 4 11 44 4 -4  -8 34 64 4 6 17 23 11
3 1 7 34 75 3 11 3 0 46 4-12  5 61 71 4 -4  -5 0 17 4 6 21 13 22
3 1 17 27 68 3 11 5 40 75 4-1 2  6 23 28 4 -4  -4 60 76 4 7-11 0 14
3 1 19 0 52 3 11 9 0 IB 4-12 9 2B 3 4 -4  -1 30 6 4 7 -9 0 15
3 2-16 18 74 3 11 11 52 64 4-12  10 86 96 4 -4  10 0 43 4 7 12 49 77
3 2 20 51 61 3 11 14 0 59 4-12  11 13 63 4 -3  14 0 15 4 7 13 0 13
3 3-16 23 31 3 11 19 30 42 4-11-14 0 14 4 -3  15 29 16 4 7 14 58 98
3 3 -5 0 23 3 12 -9 34 22 4-1 1-12 0 39 4 -3  16 0 55 4 7 15 24 16
3 3 -3 30 53 3 12 -8 0 55 4-11-11 21 47 4 -3  18 42 3 4 7 19 0 16
3 3 13 37 21 3 12 -7 38 54 4-1 1 -1 0 12 21 4 -3  19 0 36 4 7 20 37 27
3 3 19 0 41 3 12 -6 0 39 4-11 4 0 15 4 -2 -1 6 48 71 4 7 21 0 32
3 3 21 48 78 3 12 -4 49 67 4-11 6 38 45 4 -2 -1 4 39 11 4 8-12 39 42
3 4-15 0 38 3 12 2 47 61 4-11 8 48 55 4 -2  0 35 93 4 8 -3 10 40
3 4 -9 0 17 3 12 3 24 17 4-11 10 44 56 4 -2  9 IB 10 4 8 -1 51 57
3 4 -7 25 40 3 12 4 48 17 4-10 -15 0 17 4 -2  11 0 21 4 B 13 42 34
3 4 -6 0 10 3 12 9 0 5 4-10 -14 31 54 4 -2  13 0 8 4 8 14 42 44
3 4 10 30 23 3 12 13 0 19 4-10 -12 46 60 4 -2  19 43 44 4 8 17 0 31
3 4 17 0 59 3 12 16 45 37 4-10-11 0 37 4 -1 -1 7 0 19 4 8 19 13 18
3 4 19 52 51 3 12 18 0 3 4-1 0  -6 31 72 4 -1 -1 6 35 22 4 9-11 55 69
3 5-13 45 14 3 13 -7 21 56 4-10  12 15 6 4 -1 -1 5 0 7 4 9 8 25 61
3 5-12 0 33 3 13 -4 31 27 4 -9 -1 5 90 103 4 -1 -1 3 0 14 4 9 17 0 52
3 5 9 26 43 3 13 -3 0 48 4 -9  -5 63 71 4 -1  -2 41 20 4 9 20 0 39
3 5 12 14 12 3 13 -2 0 35 4 - 9 - 2 32 29 4 -1 -1 19 12 4 10 -9 31 8
3 5 18 71 82 3 13 1 22 14 4 -9  7 35 9 4 -1 3 0 51 4 10 -7 0 21
3 5 21 0 23 3 13 2 0 26 4 -9  9 0 40 4 -1 8 0 289 4 10 9 25 39
3 6-10 0 19 3 13 6 32 10 4 -9  14 29 39 4 -1 10 26 16 4 10 13 41 33
3 6 -7 24 31 3 13 10 51 72 4 -8 -1 6 40 46 4 -1 14 46 57 4 10 15 40 34
3 6 -1 0 39 3 13 11 14 12 4 -B -14 44 61 4 -1 19 0 9 4 10 16 57 47
3 6 15 33 69 3 13 12 0 35 4 -8 -1 2 0 52 4 0-14 10 13 4 10 18 27 39
3 6 20 0 2 3 13 14 50 68 4 -8  -9 0 38 4 0-13 0 24 4 10 20 . 39 53
3 7-12 0 63 3 13 16 46 80 4 -8  -5 46 26 4 0 -9 27 41 4 11 -8 32 54
3 7-10 35 28 3 13 17 34 5 4 -8  -1 34 47 4 0 -8 37 35 4 11 0 0 16
3 7 -8 0 18 3 14 -6 50 36 4 -B 3 11 19 - 4 0 - 4 26 38 4 11 4 31 23
3 7 -2 32 91 3 14 10 0 38 4 -8  15 50 88 4 0 11 21 13 4 12 -6 68 76
3 7 6 0 20 3 14 13 0 42 4 -7 -1 7 0 13 4 0 16 22 17 4 12 -4 0 30
3 7 10 33 23 3 14 15 50 60 4 -7 -1 5 54 60 4 0 18 16 57 4 12 1 0 12
3 7 16 0 16 3 14 16 47 10 4 -7 -1 0 37 26 4 1-16 0 19 4 12 6 41 28
3 7 18 33 56 3 15 -2 0 43 4 -7  -8 0 4 4 1-12 14 16 4 12 12 61 73
3 7 19 19 42 3 15 0 0 11 4 -7  -3 6 16 4 1 5 15 25 4 12 15 45 46
3 7 20 0 18 3 15 9 0 4 4 -7  1 34 32 4 1 9 33 12 4 12 17 52 22
3 B-13 28 13 3 15 14 18 53 4 -7  5 29 44 4 1 20 0 15 4 13 -6 0 35
3 8-10 47 67 3 16 13 0 10 4 -7  7 0 39 4 2-12 0 32 4 13 -2 35 37
3 8 -6 0 5 3 17 2 38 65 4 -7  8 26 53 4 2-10 17 19 4 13 -1 0 37
3 8 3 54 63 3 17 3 9 6 4 -7  9 29 14 4 2 -3 30 11 4 13 2 45 17
3 B 5 0 36 3 17 5 51 35 4 -7  10 26 8 4 2 17 40 64 4 13 3 49 12
3 8 8 0 32 3 17 10 57 12 4 -7  13 72 97 4 2 19 19 27 4 13 9 39 25
3 8 9 0 67 4-16 -6 58 93 4 -7  16 43 73 4 2 21 43 46 4 13 18 0 26
3 8 11 0 38 4-16 -4 44 18 4 -6 -1 3 29 74 4 3-1 3 0 25 4 14 -5 37 4
3 8 15 27 51 4-16 -1 0 27 4 -6 -1 1 33 68 4 3-11 24 42 4 14 -3 48 63
3 8 16 75 94 4-16 2 45 47 4 -6  -9 46 36 4 3 -6 32 42 4 14 3 21 34
3 B 18 0 33 4-1 5  -9 51 54 4 - 6  0 0 22 4 3 0 18 24 4 14 4 54 97
3 8 19 15 20 4-15 -7 0 60 4 -6  5 13 58 4 3 6 49 97 4 14 5 0 16
3 8 20 28 28 4-15  0 0 27 4 - 6  7 65 78 4 3 14 0 6 4 14 6 0 26
3 9-12 75 84 4-15 4 0 13 4 -6  9 0 16 4 3 16 37 45 4 14 9 76 79
3 9-11 55 56 4-1 5  6 56 60 4 -6  13 45 69 4 3 18 47 53 4 14 10 14 24
3 9 -7 0 14 4 -1 4-1 2 44 26 4 -6  16 0 36 4 3 21 56 63 4 14 12 33 22
3 9 -2 46 46 4-1 4 -1 0 0 41 4 -5 -1 6 51 65 4 4-14 0 29 4 15 5 61 77
3 9 0 41 38 4-14 -7 0 61 4 -5 -1 4 0 17 4 4 -7 14 9 4 15 6 30 28
3 9 2 24 18 4-14 4 0 11 4 -5 -1 2 0 50 4 4 8 29 18 4 .1 5  7 33 52
3 9 9 25 54 4-14 6 23 17 4 -5 -1 0 0 30 4 4 IB 0 8 4 15 8 0 14
3 9 20 13 10 4-13 -13 21 25 4 -5  -8 0 45 4 4 20 0 11 4 15 10 22 24
3 10-10 67 71 4-13  10 56 58 4 -5  -6 22 33 4 5-14 56 56 4 15 11 0 20
3 10 6 42 15 4-12 -14 0 52 4 -5  2 54 28 4 5-13 10 46 4 15 12 28 44
3 10 15 0 67 4-12-11 0 53 4 -5  4 21 31 4 5 -5 0 IB 4 15 13 0 12
3 10 19 30 64 4-1 2 -1 0 40 29 4 -5  6 0 8 4 5 2 21 69 4 15 14 0 9
3 11 -B 0 19 4-12 -8 0 21 4 -5  13 0 28 4 5 8 34 32 4 15 15 29 22
3 11 -7 72 76 4-12 -5 30 56 4 -5  15 0 30 4 5 19 49 70 4 16 0 0 41
3 11 -4 45 71 4-12 -2 B 40 4 -4 -1 7 .0 14 4 6-13 0 22 4 16 5 52 39
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H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc H K I Fobs Fcalc
4 16 7 46 61 5 -7 -1 2 0 25 5 2 11 14 10 5 12 18 34 33 6 -9  11 32 50
4 16 9 0 23 5 -7  -7 0 11 5 2 15 0 46 5 13 -6 59 77 6 -9  13 34 20
4 16 12 IB 30 5 -7  0 33 28 5 2 20 34 13 5 13 -1 • 21 62 6 -9  15 26 12
5-16 -5 0 44 5 -7  9 35 58 5 2 21 33 81 5 13 0 0 16 6 -8 -1 4 43 38
5-16 -3 45 29 5 -7  11 0 3 5 3--14 18 62 5 13 1 0 55 6 -8 -1 2 51 49
5-16 - I 0 8 5 -6 -1 5 45 44 5 3--12 51 72 5 13 3 0 14 6 -8  -8 0 60
5-15--10 0 19 5 -6 -1 0 38 12 5 3--10 18 47 5 13 4 51 54 6 -8  -3 57 46
5-15 -8 55 59 5 -6  -1 36 42 5 3 -3 47 81 5 13 13 66 78 6 -8  6 30 29
5-15 -1 48 42 5 -6  10 32 25 5 3 6 0 44 5 14 -4 37 31 6 -8  11 43 70
5-15 1 44 6 5 -6  12 0 40 5 3 13 0 26 5 14 3 0 22 6 -8  13 0 27
5-15 2 50 48 5 -6  17 0 52 5 3 17 19 11 5 14 7 28 41 6 -8  15 0 24
5-15 3 47 20 5 -5 -1 7 54 57 5 4 -13 30 59 5 14 9 40 39 6 -7 -1 5 47 46
5-15 5 0 22 5 -5 -1 5 0 6 5 4-■11 48 82 5 14 11 0 18 6 -7 -1 3 49 3
5-14 -11 0 4 5 -5 -1 3 0 21 5 4'-10 31 12 5 14 14 0 85 6 -7  -9 19 59
5-14 -7 53 54 5 -5  -9 21 46 5 4 17 0 53 5 14 16 0 9 6 -7  15 44 43
5-14 -4 52 76 5 -5  -2 35 56 5 4 21 24 13 5 15 0 50 47 6 -6 -1 6 0 11
5-14 -2 48 34 5 -5  9 50 105 5 5 -9 0 24 5 15 2 26 16 6 -6 -1 0 0 35
5-14 2 0 58 5 -5  16 0 20 5 5 0 24 27 5 15 4 54 57 6 -6  -7 42 37
5-14 5 28 56 5 -4 -1 7 52 111 5 5 14 0 11 5 15 13 31 59 6 -6  9 32 27
5-14 7 0 10 5 -4 -1 6 0 38 5 5 16 40 24 5 15 15 0 7 6 -6  11 0 20
5-13-•13 44 36 5 -4 -1 3 78 119 5 5 20 9 39 5 16 1 51 46 6 -6  14 44 33
5-13--11 23 21 5 -4 -1 1 0 30 5 6 -8 14 37 5 16 8 45 56 6 -6  16 0 32
5-13 -9 46 74 5 -4  -8 0 18 5 6 -7 0 13 5 16 10 0 75 6 -5 -1 6 0 36
5-13 -7 31 11 5 -4  -6 38 88 5 6 -5 38 31 5 16 11 0 40 6 -5 -1 1 0 64
5-13 -6 0 42 5 -4  3 25 20 5 6 10 0 43 6-16 -2 0 18 6 -5 -1 0 36 6
5-13 -5 25 48 5 -4  7 0 47 5 6 18 0 9 6-15 -7 17 7 6 -5  -7 46 73
5-13 -3 82 74 5 -4  13 17 40 5 6 19 0 8 6-15 -5 57 85 6 -5  -5 0 13
5-13 -2 78 87 5 -3 -1 2 0 42 5 6 20 0 7 6-15 2 30 41 6 -5  -3 27 4
5-13 0 73 109 5 -3 -1 0 0 36 5 7-•10 0 11 6-14 1 41 21 6 -5  1 0 55
5-13 6 9 17 5 -3  -5 26 47 5 7 8 31 19 6 -1 3 -•10 37 59 6 -5  6 26 79
5-12 -■14 0 29 5 -3  3 18 14 5 7 9 29 17 6-13 -9 0 44 6 -5  15 0 2
5-12--13 80 107 5 -3  13 0 30 5 7 14 21 50 6-13 -8 57 66 6 -5  17 24 46
5-1 2-■12 21 25 5 -3  14 70 82 5 7 19 50 86 6-13 -7 40 58 6 -4 -1 5 .  21 16
5-12-■10 41 28 5 -3  15 3B 33 5 7 20 37 37 6-13 -6 0 47 6 -4  -8 0 6
5-12 10 9 32 5 -3  19 0 6 5 7 21 0 3 6-13 -5 0 32 6 -4  -7 26 23
5-11-■14 44 63 5 -2 -1 5 17 19 5 8-■11 19 9 6-13 -4 0 47 6 -4  -3 27 43
5-11 -•13 0 45 5 -2 -1 3 40 52 5 8 -9 0 7 6-13 -3 30 48 6 -4  -2 36 38
5-11-•11 0 31 5 -2  7 32 8 5 8 7 69 92 6-13 -1 0 33 6 -4  7 44 52
5-11 -2 56 12 5 -2  10 0 11 5 8 8 0 18 6-13 1 25 23 6 -4  14 16 2B
5-11 0 43 64 5 -2  12 0 6 5 8 11 30 57 6-13 7 0 29 6 -4  16 0 12
5-11 3 24 39 5 -2  16 23 32 5 8 12 24 17 6-13 9 44 41 6 -4  19 38 19
5-11 5 13 8 5 -1 -1 6 0 8 5 8 15 46 30 6 -1 2 - 13 42 38 6 -3  0 30 22
5-11 10 0 29 5 -1 -1 3 17 10 5 B 17 0 14 6 -1 2 - 11 0 47 6 -3  6 20 98
5-11 11 IB 8 5 -1 -9 0 32 5 8 18 29 3 6-12 -5 0 8 6 -3  7 0 37
5-1 0-■14 25 23 5 -1 2 13 58 J B 20 39 59 6-12 -1 0 34 6 -3  13 0 28
5-10-•13 51 117 5 -1 12 37 69 5 9 -3 35 20 6-12 3 40 15 6 -3  16 43 59
5-10 2 49 68 5 -1 16 45 40 5 9 13 23 9 6-12 4 0 8 6 -3  18 0 32
5-10 9 45 45 5 -1 17 0 10 5 9 19 63 97 6 -1 1 - 12 0 23 6 -2 -1 4 22 38
5-10 11 32 34 5 -1 18 19 53 5 10 -6 0 11 6-11 -5 30 84 6 -2 -1 2 26 35
5-10 12 37 22 5 -1  19 0 62 5 10 1 59 68 6-11 -2 24 17 6 -2  9 31 32
5-10 13 4B 28 5 -1 20 51 69 5 10 10 33 20 6-11 -1 0 70 6 -2  11 34 17
5-10 14 0 23 5 0 -3 0 13 5 10 11 35 49 6-11 0 0 17 6 -2  17 0 43
5 -9 - •12 36 28 5 0 16 0 32 5 10 14 34 31 6-11 1 32 12 6 -2  19 50 37
5 -9 -•11 43 31 5 0 19 52 41 5 10 16 52 43 6-11 2 0 30 6 -1 -1 5 51 69
5 -9 -9 0 51 5 0 20 0 44 5 10 19 0 3 6-11 3 59 59 6 -1 -1 2 45 82
5 -9 -8 40 32 5 1-15 0 22 5 10 20 36 51 6-11 4 47 35 6 -1 -1 0 0 38
5 -9 1 38 37 5 1-13 65 84 5 11 -9 43 9 6-11 8 33 32 6 -1 10 0 45
5 -9 a 0 24 5 I  -6 0 11 5 11 -4 26 19 6-11 10 39 51 6 -1  12 17 11
5 -9 10 0 17 5 1 1 20 15 5 11 -2 8 8 6-10 -6 22 26 6 -1 13 0 17
5 -9 14 45 32 5 I  10 0 12 5 11 16 36 40 6-10 -4 18 20 6 -1  15 0 43
5 -9 15 49 41 5 1 14 0 53 5 11 17 46 43 6-10 -2 32 62 6 -1 19 0 17
5 -8 -■15 16 13 5 1 15 15 22 5 11 18 49 85 6-10 5 0 16 6- 0-11 45 65
5 -8 - •11 27 21 5 1 16 0 23 5 12 -7 0 91 6-10 10 66 77 6 0 -4 24 30
5 -8 -8 29 55 5 1 19 0 5 5 12 -6 51 43 6-10 12 0 30 6 0 -2 2B 11
5 -8 -6 0 12 5 1 21 16 10 5 12 -3 0 16 6 - 9 - 14 34 36 6 0 12 0 19
5 -8 -4 32 8 5 2-15 35 16 5 12 -2 32 27 6 -9 -9 0 18 6 0 14 42 21
5 -8 14 0 24 5 2-14 48 30 5 12 -1 0 65 6 -9 -7 19 26 6 0 16 46 34
5 -8 16 26 48 5 2 -7 28 36 5 12 4 0 25 6 -9 -4 39 103 6 0 19 29 9
5 -7 - 16 0 22 5 2 -5 33 23 5 12 7 0 25 6 -9 -1 0 20 6 0 20 22 28
5 -7 -■14 31 3 5 2 3 34 59 5 12 15 0 12 6 -9 7 35 44 6 1-14 0 • 5
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H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc
& 1-10 32 32 6 9 19 0 34 7-11 5 45 15 7 -3  2 0 23 7 6-10 0 2
6 1 -5 24 36 6 10 -9 23 40 7-11 6 44 12 7 -3  10 0 68 7 6 -6 6 61
6 1 b 3 27 6 10 -7 0 1 7-11 7 36 14 7 -3  19 0 19 7 6 -5 8 9
6 1 16 29 40 6 10 14 44 37 7-11 9 0 16 7 -2 -1 4 0 10 7 6 -3 31 28
b 1 18 48 47 6 10 18 2B 15 7-11 11 0 14 7 -2 -1 3 35 39 7 6 - I 45 62
b 1 20 0 11 6 10 20 0 34 7 -1 0 -1 0 0 23 7 -2  11 26 16 7 6 15 0 8
b 1 21 49 65 6 11 -8 0 6 7-10 -9 48 65 7 -2  12 33 38 7 6 17 37 14
b 2 -8 31 33 6 11 -4 76 111 7-10  -7 65 69 7 -2  18 26 23 7 6 20 69 72
b 2 5 10 45 6 11 17 0 16 7-10 -5 39 33 7 -2  19 56 61 7 7-11 38 33
b 2 7 21 28 6 11 19 0 40 7-10 2 36 68 7 -1 -1 4 0 3 7 7-10 0 21
b 2 8 36 23 6 12 -6 47 37 7-1 0  7 0 14 7 -1 -7 48 47 7 7 -8 29 12
b 2 15 18 14 6 12 -5 21 37 7-10  8 52 45 7 -1 -5 14 30 7 7 -4 0 33
b 2 17 0 34 6 12 0 28 95 7-10  9 0 63 7 -1 2 0 16 7 7 3 0 26
b 2 18 0 19 6 12 7 40 7 7-10 10 0 49 7 -1 6 25 40 7 7 10 0 9
b 2 19 49 48 6 12 12 44 43 7-10  13 29 34 7 -1  10 34 31 7 7 16 35 6
b 2 20 0 22 6 13 -5 0 16 7 -9 -1 3 0 11 7 -1 12 17 28 7 7 19 0 21
b 2 21 0 2 6 13 -4 48 50 7 -9  5 43 24 7 -1 14 0 45 7 8 -4 50 52
b 3-14 25 13 6 13 -3 0 30 7 -9  9 26 70 7 -1  15 32 27 7 8 11 32 34
b 3-13 20 35 6 13 -2 0 29 7 -9  10 53 43 7 -1 16 0 12 7 8 16 0 62
b 3-11 29 27 6 13 -1 0 24 7 -9  12 19 16 7 -1 20 8 13 7 8 18 40 9
b 3 -7 26 21 6 13 2 0 2 7 -9  14 0 19 7 0 -1 37 36 7 8 20 30 12
b 3 19 0 29 6 13 4 51 B3 7 -8  -9 31 35 7 0 7 10 19 7 9 -8 69 60
b 3 20 35 62 6 13 5 54 54 7 -8  -7 44 48 7 0 9 22 63 7 9 -7 26 10
b 4-14 0 45 6 13 11 43 85 7 -8  5 0 16 7 0 11 0 26 7 9 -1 0 61
b 4-13 0 18 6 14 -2 38 13 7 - 8  7 22 21 7 0 15 37 8 7 9 0 33 27
b 4-12 0 69 6 14 -1 31 14 7 -8  9 0 46 7 0 16 0 10 7 9 2 10 25
b 4 -5 0 12 6 14 0 53 78 7 -8  11 0 20 7 0 17 0 32 7 9 6 14 18
b 4 15 51 53 6 14 1 0 11 7 -8  14 0 51 7 0 IB 0 33 7 9 13 13 22
b 4 21 47 64 6 14 2 44 59 7 -7 -1 2 40 69 7 0 19 38 59 7 9 15 25 49
b 5-12 0 47 6 14 4 0 7 7 -7  4 2B 61 7 0 20 16 62 7 9 17 29 35
b 5-10 0 7 6 14 6 44 47 7 -7  11 0 9 7 1-13 0 13 7 9 19 0 44
b 5 -9 36 36 6 14 7 0 15 7 - 7  12 36 17 7 1-11 0 26 7 9 20 * 0 33
b 5 -8 0 29 6 14 12 0 46 7 -7  13 44 56 7 1 -8 40 35 7 10 -8 0 52
b 5 1 0 2 6 15 -1 42 38 7 -7  14 0 36 7 1 -6 0 9 7 10 -6 33 62
b 5 12 42 16 6 15 1 46 63 7 -7  15 42 23 7 1 14 0 13 7 10 -3 43 14
b 5 21 66 76 6 15 3 9 18 7 -7  16 52 50 7 1 16 0 1 7 10 1 0 40
b 6 -7 37 72 6 15 5 0 5 7 -6 -1 5 0 2 7 1 19 48 18 7 10 5 35 12
b 6 -6 35 9 6 15 10 77 66 7 -6 -1 0 0 13 7 1 20 53 53 7 10 6 37 47
b 6 -4 26 23 6 15 14 64 92 7 -6  -7 34 58 7 1 21 0 31 7 10 12 43 47
b 6 -2 0 15 6 16 2 0 41 7 -6  -6 0 38 7 2-13 65 66 7 10 17 29 22
b 6 9 23 78 6 16 3 55 83 7 - 6  5 32 44 7 2 -9 21 42 7 10 19 53 60
b 6 16 31 61 6 16 9 0 35 7 -6  7 0 24 7 2 -7 0 32 7 11 -5 44 B1
b 6 18 42 11 6 16 11 0 65 7 - 6  8 0 10 7 2 20 55 55 7 11 2 26 26
b 6 19 12 21 7-15  -6 38 44 7 -6  9 36 58 7 2 21 34 48 7 11 18 33 9
b 6 20 0 57 7-15 -4 0 18 7 -6  11 36 52 7 3-12 0 39 7 12 -4 50 60
b 6 21 0 48 7-15  1 51 30 7 -6  13 39 15 7 3 -3 0 29 7 12 -3 0 50
b 7-11 0 21 7-15  2 0 33 7 -6  14 34 42 7 3 1 0 25 7 12 -1 0 86
b 7 -9 0 37 7-14 -3 46 34 7 -6  15 21 37 7 3 4 0 63 7 12 0 47 65
b 7 -5 36 46 7-14 0 0 7 7 -6  17 37 30 7 3 18 IB 24 7 12 2 33 11
b 7 -2 41 43 7-14 2 21 42 7 -5 -1 5 15 41 7 3 20 48 64 7 12 13 0 51
b 7 2 56 54 7-14 4 51 52 7 -5 -1 3 0 32 7 3 21 0 7 7 12 17 55 39
b 7 4 0 22 7-1 3 -1 0 9 65 7 -5 -1 0 0 35 7 4-13 44 23 7 13 -4 42 25
b 7 12 30 68 7-13  -9 66 75 7 -5  -9 0 6 7 4-11 38 11 7 13 -3 37 40
b 7 17 14 11 7-13 -8 0 13 7 -5  -7 0 12 7 4-10 0 33 7 13 -2 49 46
b 7 19 46 80 7-13 -6 43 30 7 -5  5 35 55 7 4 -9 30 29 7 13 -1 42 61
b 7 21 39 34 7-13 6 49 90 7 -5  14 36 47 7 4 -8 0 22 7 13 1 32 54
b 8 -3 0 43 7-13 8 31 36 7 -5  15 0 10 7 4 1 35 20 7 13 3 0 8
b 8 -1 40 54 7-1 2 -1 0 29 10 7 -5  16 0 45 7 4 17 0 33 7 13 5 24 66
b B 5 22 45 7-12  -8 0 17 7 -5  17 40 25 7 4 IB 0 10 7 13 8 23 16
b 8 13 45 31 7-12 -3 30 19 7 -5  IB 32 30 7 4 20 0 36 7 .13 10 12 33
b 8 17 31 21 7-12 -2 50 80 7 -4 -1 4 16 45 7 5-12 0 34 7 13 17 43 30
b 8 18 35 54 7-12 -1 32 13 7 -4  -3 35 24 7 5-10 0 22 7 14 0 34 62
b 8 19 21 33 7-12  3 45 42 7 -4  2 36 15 7 5 -9 38 52 7 14 1 0 22
b 9 -8 18 33 7-12 4 30 40 7 -4  4 0 36 7 5 -7 0 12 7 14 2 0 34
b 9 -6 0 29 7-12 5 0 13 7 -4  13 42 25 7 5 -2 0 11 7 14 3 24 20
b 9 -4 0 4 7-12 7 43 46 7 -4  IB 35 23 7 5 0 11 11 7 14 4 38 31
b 9 -2 0 21 7-11-11 9 34 7 -3 -1 5 0 17 7 5 17 0 11 7 14 5 0 21
b 9 9 34 51 7-11 -6 46 21 7 -3 -1 3 0 55 7 5 18 50 49 7 14 7 45 47
b 9 16 0 5 7-11 -3 33 50 7 -3 -1 1 0 12 7 5 19 0 56 7 14 14 0 16
b 9 18 68 72 7-11 2 0 44 7 -3  1 35 34 7 5 20 0 45 7 14 16 0 50
046
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H K L Fobs Fcalc H K L Fobs Fcalc H L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc
7 15 3 70 82 8 -7  7 74 83 8 -8 0 10 8 11 -1 0 24 9 -9 5 30 3
7 15 4 21 14 8 -7  11 0 41 8 2 -3 7 17 8 11 2 ' 24 33 9 -9 9 0 8
7 15 5 20 14 8 -7  14 9 21 8 2 -2 13 15 8 11 3 46 8 9 -9 11 0 9
7 15 6 0 4 8 -7  15 46 19 8 2 -1 18 19 8 11 6 0 11 9 -9 13 40 33
7 15 7 0 22 B -7  16 0 15 8 2 5 39 51 8 11 9 30 14 9 -9 14 45 26
7 15 8 0 60 8 -6 -1 4 0 2 8 2 14 23 32 8 11 10 18 27 9 -8-■11 74 56
7 15 10 31 102 8 -6  9 39 55 8 2 16 21 17 8 11 12 0 3 9 -8 -7 0 3
7 15 12 55 66 8 -6  11 0 18 8 2 18 58 51 8 11 14 48 51 9 -8 -5 24 49
7 15 13 53 14 8 -6  13 0 14 8 2 19 32 32 8 11 19 0 2 9 -B -2 8 13
7 16 10 0 14 8 -6  17 0 44 8 2 21 51 40 8 12 -4 36 54 9 -8 1 30 21
8-15 -3 0 2 8 -5 -1 2 72 85 8 3--11 0 46 8 12 -2 41 59 9 -B 2 33 26
8-15 -2 39 71 8 -5 -1 0 19 50 8 3 15 0 71 8 12 2 32 18 9 -8 5 43 51
8-15 -1 0 4 8 -5  8 47 17 8 3 20 0 30 8 12 4 40 24 9 -8 6 31 31
8-15 1 35 45 8 -5  10 0 14 8 3 21 0 49 8 12 5 0 27 9 -8 8 47 31
8-14 -6 0 21 8 -5  16 0 20 8 4- 12 0 32 8 12 11 35 26 9 -8 12 29 44
8-14 -4 24 6 8 -5  17 36 10 8 4 -10 60 48 8 12 16 0 20 9 -8 15 37 89
8-14 -1 0 21 8 -5  18 41 24 8 4 -8 33 9 8 12 18 0 25 9 -7 - 12 0 15
8-14 1 0 5 8 -4 -1 4 0 45 8 4 -7 23 30 8 13 -2 0 32 9 -7 -10 63 73
8-14 2 48 75 8 -4 -1 3 0 3 8 4 -3 0 20 8 13 0 21 13 9 -7 -5 46 59
8-14 3 48 7 8 -4 -1 1 0 34 8 4 -1 0 17 8 13 1 46 52 9 -7 -1 68 83
8-14 5 0 7 8 -4  -8 0 21 8 4 6 0 42 8 13 2 31 18 9 -7 1 0 18
8-13 -9 0 30 8 -4  5 43 64 8 4 15 37 73 8 13 4 0 14 9 -7 3 0 11
8-13 -7 40 43 8 -4  12 0 IB 8 4 19 32 29 8 13 7 36 54 9 -7 4 54 82
8-13 0 46 6 8 -4  13 42 12 8 4 21 67 75 8 13 8 40 64 9 -7 5 34 12
8-13 1 39 53 8 -4  16 0 5 8 5- 11 34 11 8 13 9 0 35 9 -7 9 0 17
8-13 2 41 56 8 -4  18 53 40 8 5 -9 28 17 8 13 11 40 49 9 -7 10 26 25
8-13 7 37 14 8 -3 -1 4 0 17 B 5 -5 0 23 8 13 13 32 8 9 -7 12 0 15
8-12 2 56 56 8 -3 -1 3 0 21 8 5 17 29 18 8 14 1 0 35 9 -7 14 41 8
8-12 4 8 4 8 -3 -1 2 28 17 8 5 19 45 50 8 14 3 0 27 9 -7 16 47 33
8-11--11 0 26 B -3-11 41 51 8 5 20 36 22 8 14 5 20 16 9 -6 --11 0 38
8-11- 10 64 59 B -3 -1 0 24 17 8 5 21 0 17 8 14 11 41 83 9 -6 -6 38 31
8-11 -9 81 111 8 -3  -9 22 74 8 6-•10 28 28 8 15 3 33 56 9 -6 1 '4 9 86
8-11 -8 32 23 B -3  -1 0 35 8 6 -5 20 10 B 15 5 52 11 9 -6 12 0 7
8-11 -6 29 9 8 -3  7 64 69 8 6 -1 21 47 8 15 7 36 54 9 -6 14 22 34
8-11 6 0 23 8 -3  11 0 28 8 6 0 0 45 8 15 8 48 35 9 -6 16 32 27
8-11 7 0 27 8 -3  15 43 56 a 6 9 0 1 8 15 9 0 7 9 -6 17 48 57
8-11 10 9 19 8 -3  17 41 43 8 6 13 31 32 8 15 11 41 38 9 -5 11 0 19
8-10- 10 45 69 8 -3  19 48 39 8 6 18 0 33 8 15 12 0 38 9 -5 16 47 29
8-10 -8 0 20 8 -2 -1 3 49 53 8 6 19 51 78 8 15 13 0 36 9 -4 - 13 49 91
8-10 -7 43 45 8 -2 -1 1 25 57 8 6 20 0 5 9-14 -3 37 31 9 -4 --12 0 92
8-10 -4 42 43 8 -2 -1 0 21 37 8 7 -9 64 67 9-13 -6 32 37 9 -4 17 22 48
8-10 -2 28 39 8 -2  4 36 16 8 7 -8 0 14 9-13 3 51 58 9 -3 --13 52 11
8-10 -1 39 56 8 -2  10 68 81 8 7 -6 49 64 9-13 4 68 71 9 -3 - 12 0 18
8-10 3 4 14 8 -2  12 19 49 8 7 3 0 17 9-13 5 50 49 9 -3 --11 44 37
8-10 4 0 29 8 -2  17 73 70 8 7 4 65 57 9-13 6 0 32 9 -3 - 10 0 20
8-10 5 0 57 8 -2  19 26 35 8 7 8 29 11 9-12 -2 41 19 9 -3 -8 0 12
8-10 8 0 41 8 -1 -1 3 49 61 8 7 9 66 60 9-12 5 42 45 9 -3 -7 39 60
8-10 10 66 64 8 -1 -9 0 10 8 7 10 19 24 9-12 7 53 50 9 -3 -6 19 33
8-10 11 35 7 8 -1 -6 8 57 8 8 -B 28 11 9-12 9 49 38 9 -3 -4 0 59
8-10 13 42 42 8 -1 1 34 42 8 8 -7 85 74 9-11 -9 52 54 9 -3 1 37 50
8 -9 - 12 0 52 8 -1 8 38 55 8 8 -6 0 22 9-11 -8 45 54 9 -3 9 0 46
8 -9 -8 65 72 8 -1 16 37 18 8 8 -4 0 21 9-11 -7 37 18 9 -3 12 37 42
8 -9 -6 47 25 8 -1 19 21 23 8 8 -2 34 49 9-11 -5 0 76 9 -3 16 0 21
8 -9 -5 0 7 8 -1  20 0 34 8 8 8 10 10 9-11 -3 0 29 9 -3 18 0 26
8 -9 -4 B 22 8 0 0 0 15 8 9 -6 26 11 9-11 2 41 91 9 -2 - 12 31 57
8 -9 -2 31 27 8 0 4 0 27 8 9 -5 51 49 9-11 4 22 64 9 -2 -•11 0 28
8 -9 1 0 33 8 0 13 0 32 8 9 -2 32 3 9-11 9 0 27 9 -2 -8 34 26
8 -9 5 38 39 8 0 17 41 22 8 9 7 19 13 9-11 11 0 27 9 -2 -7 42 21
8 -9 7 0 22 8 0 20 0 13 8 9 10 43 28 9-10 -8 34 52 9 -2 -2 27 13
8 -9 9 33 30 8 1-12 0 7 8 9 16 0 17 9-10 -7 0 14 9 -2 2 53 59
B -9 12 0 10 8 1-10 0 4 8 9 19 64 57 9-10 -6 4B 16 9 -2 7 20 24
8 -9 14 50 54 8 1 -7 15 45 8 10 -7 15 13 9-10 -5 0 35 9 -2 9 40 80
B -8 - 10 0 17 8 1 8 0 21 8 10 -5 0 23 9-10 -4 12 26 9 -2 11 0 2
8 -8 -6 0 24 8 1 13 0 41 8 10 -3 20 11 9-10 3 29 75 9 -2 12 39 42
8 -8 5 10 38 8 1 14 38 41 8 10 4 0 21 9-10 B 48 59 9 -2 13 B 10
8 -8 14 0 14 8 1 15 0 25 8 10 6 46 59 9-10 11 39 58 9 -2 14 31 10
8 -8 15 43 58 8 1 17 0 27 8 10 7 3B 51 9 -9 - 11 70 64 9 -2 15 0 22
8 -7 - 11 28 8 8 1 19 0 29 8 10 15 0 20 9 -9 -5 37 20 9 -2 16 40 45
8 -7 -9 0 39 B 1 20 0 27 B 10 18 43 48 9 -9 -4 0 73 9 -2 . 18 10 26
8 -7 5 24 9 8 2-13 36 34 8 11 -4 52 62 9 -9 0 41 20 9 -1 --12 25 41
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H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc
9 -1--10 61 72 9 8 6 33 54 10-■10 9 0 4 10 0 4 0 25 10 9 8 8 35
9 -1 -1 0 26 9 8 7 0 39 10 -9 -■10 0 75 10 0 13 ' 0 7 10 9 13 74 84
9 -1 1 50 54 9 8 8 13 21 10 -9 -4 33 33 10 0 14 29 53 10 9 16 9 48
9 -1 8 37 62 9 8 14 33 26 10 -9 -1 0 21 10 0 17 24 29 10 9 17 38 32
9 -1 15 0 26 9 8 16 0 11 10 -9 0 20 26 10 0 19 45 56 10 9 IB 0 14
9 -1 17 0 6 9 8 17 29 44 10 -9 3 43 41 10 0 20 41 44 10 9 19 0 14
9 -1 18 42 65 9 8 18 0 24 10 -9 12 0 45 10 I--10 0 14 10 10 -3 9 33
9 -1 19 46 52 9 8 19 41 76 10 -9 13 38 53 10 1 8 37 34 10 10 -1 52 36
9 0--11 39 12 9 8 20 45 40 10 -8 -8 0 23 10 1 10 16 8 10 10 6 49 48
9 0 -4 42 14 9 9 -6 49 56 10 -B -4 48 79 10 1 15 16 45 10 10 8 39 40
9 0 17 60 69 9 9 -3 29 61 10 -8 1 26 73 10 1 16 40 28 10 10 11 32 13
9 0 19 15 15 9 9 -1 44 48 10 -8 2 0 15 10 1 17 0 61 10 10 15 0 3
9 I--12 47 56 9 9 6 0 26 10 -8 3 44 44 10 1 19 49 45 10 10 17 48 9
9 1-•11 29 54 9 9 12 19 43 10 -7 -•11 0 16 10 2 -9 40 22 10 10 18 36 47
9 1 -9 73 91 9 9 15 33 14 10 -7 -9 37 37 10 2 -2 35 10 10 11 3 33 3
9 1 -7 0 10 9 9 19 0 14 10 -7 5 42 44 10 2 14 20 34 10 11 5 52 33
9 1 -2 0 17 9 10 -4 48 35 10 -7 6 55 56 10 2 16 29 48 10 11 7 0 8
9 1 18 39 40 9 10 -2 0 35 10 -7 8 0 31 10 2 18 71 60 10 11 11 8 43
9 1 20 37 15 9 10 -1 37 87 10 -7 9 47 49 10 2 19 71 79 10 11 14 0 20
9 2-■12 51 56 9 10 0 0 11 10 -7 12 27 31 10 2 20 0 30 10 11 16 56 78
9 2 5 6 39 9 10 2 0 27 10 -7 13 47 65 10 3-•10 45 79 10 12 0 30 27
9 2 11 68 60 9 11 -3 49 63 10 -7 14 20 45 10 3 -9 42 74 10 12 2 43 47
9 2 20 0 53 9 11 4 59 52 10 -7 15 0 30 10 3 -7 38 9 10 12 8 45 38
9 3-•10 0 9 9 11 6 0 58 10 -6 - 10 40 11 10 3 2 0 7 10 12 11 37 46
9 3 -8 53 49 9 11 13 40 37 10 -6 4 10 43 10 3 4 7 11 10 12 12 45 61
9 3 0 32 31 9 11 15 0 19 10 -6 7 17 27 10 3 20 44 38 10 12 13 44 44
9 3 1 0 24 9 12 -1 0 14 10 -6 8 11 22 10 4 -8 0 44 10 12 14 42 33
9 3 2 33 27 9 12 7 0 19 10 -6 11 23 35 10 4 -5 0 11 10 12 15 27 &8
9 3 4 0 19 9 12 9 0 53 10 -6 13 40 21 10 4 -4 40 27 10 13 11 0 54
9 3 8 0 32 .9 12 10 55 70 10 -6 15 0 19 10 4 -1 29 43 10 13 15 29 82
9 3 9 41 83 9 12 12 39 49 10 -6 16 42 42 10 4 3 35 54 10 14 5 0 25
9 3 10 32 46 9 12 14 0 50 10 -5 - 11 36 68 10 4 5 30 27 10 14 12 - 36 28
9 3 14 22 17 9 12 16 25 58 10 -5 3 36 40 10 4 6 20 24 11-■12 -3 76 104
9 3 19 71 71 9 13 3 38 67 10 -5 5 37 22 10 4 8 0 30 11-■12 -2 0 52
9 3 21 36 23 9 13 5 50 23 10 -5 12 33 6 10 4 19 13 34 11-•12 0 0 27
9 4 -9 35 23 9 13 7 33 21 10 -5 17 49 24 10 5 -9 0 16 11- 12 2 0 17
9 4 -2 0 58 9 13 9 0 14 10 -4 -•11 50 59 10 5 -7 44 18 11--12 4 63 61
9 4 8 13 29 9 13 13 39 84 10 -4 -9 0 13 10 5 -2 0 18 11- 11 -3 0 30
9 4 20 0 7 9 13 14 48 18 10 -4 -8 0 17 10 5 0 0 50 11-■11 -1 0 20
9 4 21 47 50 9 13 16 20 5 10 -4 4 35 66 10 5 12 0 36 11- 11 6 0 1359 5-•10 0 7 9 14 2 55 53 10 -4 9 44 34 10 5 18 0 56 11-■11 8 22
9 5 -8 0 39 9 14 4 IB 25 10 -4 11 54 63 10 6 -8 16 38 11-■10 -6 49 49
9 5 -4 60 95 9 14 6 17 28 10 -4 14 64 89 10 6 -7 0 4 11--10 -4 50 52
9 5 10 0 25 9 14 8 20 13 10 -4 18 29 33 10 6 -6 28 33 11-■10 1 57 58
9 5 13 0 3 9 14 11 0 28 10 -3 -■11 41 50 10 6 -4 0 28 11--10 3 15 i279 6 -9 47 23 9 14 12 68 90 10 -3 -9 40 41 10 6 0 38 15 11-•10 5 45
9 6 -7 47 29 9 15 6 55 68 10 -3 -3 37 12 10 6 2 0 36 11-■10 10 0 31
9 6 -5 63 67 9 15 8 40 16 10 -3 16 74 80 10 6 20 0 28 11 -9 -8 53 45
9 6 -4 0 9 9 15 9 40 79 10 -3 IB 84 91 10 7 -4 0 14 11 -9 -2 52 67
9 & -2 0 23 9 15 10 48 42 10 -2 - 11 78 96 10 7 -2 47 65 11 -9 -1 29 41
9 & 1 32 18 9 15 11 0 67 10 -2 -8 12 24 10 7 2 0 17 11 -9 0 23 33
9 & 3 32 35 10-•13 2 17 13 10 -2 -3 38 34 10 7 3 45 54 11 -9 2 0 13
9 6 7 15 15 10--13 4 53 33 10 -2 1 28 48 10 7 4 39 16 11 -9 3 70 92
9 & 19 41 44 10-•12 -6 48 59 10 -2 3 19 32 10 7 6 13 26 11 -9 5 47 32
9 7 -9 0 6 10--12 -3 55 70 10 -2 5 42 72 10 7 8 31 3 11 -8 -7 0 32
9 7 -7 41 9 10-•12 -1 25 17 10 -2 10 21 4 10 7 12 51 57 11 -8 -5 0 23
9 7 -3 0 37 10-■12 6 61 72 10 -2 17 49 36 10 7 19 0 45 11 -8 -2 0 23
9 7 3 0 12 10-•12 8 0 24 10 -2 19 21 3 10 8 -6 0 15 11 -8 -1 0 23
9 7 5 41 8 10--11 -8 80 82 10 -1 -■11 0 17 10 8 3 0 50 11 -B 0 0 16
9 7 9 14 14 10-•11 -7 31 84 10 -1 -9 39 59 10 8 4 42 15 11 -B 1 0 56
9 7 11 0 35 10--11 -6 16 29 10 -1 -5 35 39 10 8 5 33 80 11' -8 3 0 13
9 7 20 22 23 10-■11 -4 53 47 10 -1 -2 19 3 10 8 6 0 15 11 -8 4 45 34
9 8 -5 0 36 10--11 -2 44 70 10 -1 0 26 50 10 8 8 8 18 11 -8 6 39 1329 8 -3 0 28 10-■11 5 0 10 10 -1 9 0 20 10 B 10 45 13 11 -8 7 0
9 B -1 46 13 10--10 -9 0 41 10 -1 13 0 9 10 8 11 30 47 11 -8 8 22 36
9 8 0 43 36 10-■10 -5 34 37 10 -1 18 0 31 10 8 15 37 39 11 -8 9 55 73
9 8 1 0 26 10--10 -4 0 34 10 -1 19 22 65 10 8 16 48 52 11 -8 10 31 10
9 8 2 0 15 10-•10 -2 27 11 10 0 -9 47 63 10 8 18 47 6 11 -8 11 0 14
9 8 3 0 20 10-•10 0 36 19 10 0 -7 50 39 10 9 6 48 32 11 -8 13 25 22
9 8 4 3B 40 10-■10 2 35 41 10 0 -3 0 8 10 9 7 28 9 11 -7 -8 38 55
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K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc
-7 3 0 32 11 1 9 0 15 11 9 9 18 32 12 -4 -7 41 34 12 2 17 42 23
-7 5 42 7 11 1 11 33 53 11 9 14 43 54 12 -4 -5 .4 8 39 12 2 18 0 14
-7 11 0 41 11 1 12 42 29 11 9 18 47 53 12 -4 -4 27 39 12 2 19 34 15
-7 12 50 32 11 1 14 39 44 11 10 -2 73 73 12 -4 -3 44 49 12 3 -5 0 5
-7 13 48 40 11 1 17 32 33 11 10 0 0 1 12 -4 2 42 82 12 3 -4 27 40
-7 14 43 31 11 2 -8 0 8 11 10 11 0 33 12 -4 3 34 34 12 3 -3 42 57
-4 -9 28 9 11 2 -7 0 50 11 10 12 37 52 12 -4 13 44 39 12 3 -2 0 40
-6 -7 0 47 11 2 -4 17 18 11 10 17 51 41 12 -4 15 43 32 12 3 4 0 59
-6 -5 48 37 11 2 -5 43 49 11 10 18 51 50 12 -3 -8 48 45 12 3 11 33 9
-6 7 44 2 11 2 -4 28 32 11 11 -1 0 52 12 -3 -7 35 59 12 3 12 34 39
-6 10 29 54 11 2 -1 17 10 11 11 4 0 14 12 -3 -3 37 39 12 3 13 43 39
-4 11 70 94 11 2 8 28 4 11 11 8 12 24 12 -3 1 0 39 12 3 15 14 13
-4 12 39 13 11 2 14 0 20 11 11 13 0 12 12 -2 -8 0 8 12 3 17 38 10
-4 14 40 54 11 2 15 0 38 11 11 14 43 48 12 -2 -1 44 41 12 3 18 32 11
-5 - 10 32 10 11 2 17 12 34 11 11 14 0 25 12 -2 4 34 59 12 3 19 50 39
-5 -8 23 12 11 2 19 0 2 11 12 1 0 23 12 -2 7 45 38 12 4 -4 0 18
-5 -3 42 47 11 3 -8 43 50 11 12 3 48 49 12 -2 8 0 44 12 4 -4 0 47
-5 -1 40 15 11 3 -7 49 44 11 12 10 29 13 12 -2 10 24 21 12 4 -2 32 15
-5 4 49 71 11 3 -4 31 5 11 12 12 0 11 12 -2 12 0 134 12 4 -1 28 49
-5 13 0 35 11 3 -5 24 58 11 12 14 0 10 12 -2 14 44 34 12 4 1 0 5
-4 -8 32 22 11 3 -4 34 45 11 13 7 50 41 12 -2 14 47 57 12 4 3 32 37
-4 -4 38 44 11 3 0 0 12 11 13 9 44 52 12 -2 18 49 35 12 4 10 42 5
-4 -4 0 10 11 3 14 50 49 11 13 11 0 17 12 -1 -8 49 57 12 4 13 28 49
-4 -3 40 50 11 3 17 0 10 12--11 -2 24 7 12 -1 -7 15 41 12 4 15 0 20
-4 -1 27 101 11 3 19 24 4 12- 11 0 24 47 12 ■1 -4 45 15 12 4 17 0 8
-4 4 44 57 11 4 -7 0 2 12--10 -5 51 29 12 -1 -1 34 13 12 4 19 0 19
-4 17 43 39 11 4 0 41 54 12- 10 -3 40 55 12 -1 1 0 23 12 5 -5 28 41
-3 - 10 47 40 11 4 9 24 14 12--10 4 42 28 12 -1 3 24 17 12 5 0 0 37
-3 -8 0 22 11 4 18 0 21 12- 10 4 27 39 12 -1 4 0 34 12 5 5 0 17
-3 -4 0 21 11 4 20 43 37 12 -9 -4 19 37 12 -1 4 33 10 12 5 7 0 5
-3 -4 0 ' 28 11 5 -5 0 11 12 -9 -5 0 12 12 -1 11 41 75 12 5 14 0 12
-3 -1 0 24 11 5 -3 45 51 12 -9 I 0 11 12 -1 13 35 54 12 5 14 0 47
-3 0 11 7 11 5 -1 0 24 12 -9 3 39 38 12 -1 14 54 B7 12 5 18 * 23 48
-3 2 0 29 11 5 0 44 17 12 -9 10 0 24 12 -1 18 0 10 12 4 -3 47 42
-3 3 0 10 11 5 3 52 48 12 -8 -7 23 42 12 0 -7 34 44 12 4 -1 25 42
-3 7 0 38 11 5 10 0 11 12 -8 -4 48 35 12 0 -4 9 28 12 4 3 0 48
-3 11 35 30 11 5 15 48 17 12 -B -5 24 19 12 0 -5 0 7 12 4 4 34 47
-3 14 15 20 11 4 -4 29 25 12 -8 7 0 21 12 0 -4 40 44 12 4 4 0 20
-2 -8 17 35 11 4 -4 0 37 12 -8 9 21 21 12 0 -3 0 89 12 4 7 0 30
-2 -4 0 34 11 4 -3 50 41 12 -8 12 20 22 12 0 -2 39 57 12 4 8 34 15
-2 -2 34 40 11 4 -2 17 28 12 -7 -7 39 52 12 0 3 4 12 12 4 10 0 20
-2 2 29 32 11 4 0 44 34 12 -7 -2 24 14 12 0 4 34 9 12 4 17 41 18
-2 4 0 4 11 4 1 0 22 12 -7 -1 15 58 12 0 5 49 29 12 4 19 0 25
-1 -■10 39 50 11 4 2 0 49 12 -7 0 0 25 12 0 8 0 18 12 7 -3 44 31
-1 -3
1
IB 59 11 4 3 43 23 12 -7 1 44 50 12 0 10 39 38 12 7 -1 43 51
-1 44 35 11 4 4 20 42 12 -7 5 0 40 12 0 13 0 22 12 7 0 47 43
-1 4 30 82 11 4 5 35 32 12 -7 4 0 45 12 0 15 0 14 12 7 2 0 24
-1 4 54 74 11 4 14 42 41 12 -7 7 0 18 12 0 17 47 41 12 7 4 33 11
-1 IS 44 38 11 4 14 0 4 12 -7 8 0 24 12 1 -2 57 50 12 7 7 25 10
- I 17 42 47 11 4 19 39 44 12 -7 11 48 24 12 1 1 0 18 12 7 8 39 38
-1 19 0 2 11 7 -4 27 51 12 -7 13 31 18 12 1 2 0 20 12 7 10 37 49
0- 10 85 93 11 7 -1 0 14 12 -7 14 44 58 12 1 3 22 29 12 7 11 33 22
0 -4 25 34 11 7 0 0 4 12 -4 -8 33 9 12 1 5 39 21 12 7 14 42 57
0 0 21 30 11 7 5 44 74 12 -4 -4 24 43 12 1 7 31 49 12 7 15 28 11
0 3 37 71 11 7 8 0 27 12 -4 -3 19 9 12 1 B 0 11 12 7 14 27 44
0 5 0 24 11 7 9 0 14 12 -4 -2 0 57 12 1 9 0 22 12 7 17 50 45
0 7 53 80 11 7 12 0 21 12 -4 -1 29 37 12 1 10 0 11 12 8 -2 52 31
0 8 39 27 11 7 15 0 39 12 -4 1 27 30 12 1 12 41 15 12 8 4 32 58
0 9 19 22 11 7 17 0 IB 12 -4 8 0 43 12 1 15 0 24 12 8 5 0 7
0 10 29 29 11 8 -5 32 20 12 -4 10 0 23 12 1 17 45 52 12 8 4 0 15
0 13 0 22 11 8 -3 70 74 12 -4 13 54 58 12 1 19 20 42 12 8 7 41 40
0 14 0 3 11 8 5 0 14 12 -4 14 49 54 12 2 -7 25 20 12 B 8 0 54
0 18 23 8 11 8 9 0 28 12 -4 15 34 29 12 2 -4 9 29 12 8 9 39 44
1 -7 25 33 11 8 11 0 38 12 -5 -7 34 13 12 2 -1 30 14 12 8 12 8 54
1 -4 43 54 11 B 12 53 57 12 -5 -4 53 72 12 2 0 20 44 12 8 13 0 8
1 -5 0 50 I t  8 13 0 27 12 -5 -4 24 52 12 2 2 8 41 12 8 14 43 31
1 -4 25 23 11 8 15 52 51 12 -5 1 0 44 12 2 9 40 IB 12 8 14 21 25
1
1
-3 40 20 11 8 17 0 24 12 -5 7 33 25 12 2 11 44 49 12 B 18 34 42
2 13 22 11 8 19 42 11 12 -5 11 77 101 12 2 15 0 30 12 9 2 0 4
1 4 0 8 11 9 5 77 92 12 -5 14 0 32 12 2 14 28 11 12 9 4 0 54
C49
Values d! 10*Fobs and 10»Fcalc Page 9
H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc
12 9 6 0 41 13 -4 -1 42 11 13 2 12 27 19 14 -9 3 31 28 14 0 12 47 20
12 9 B 56 52 13 -4 2 28 46 13 2 14 29 6 14 -9 4 • 0 71 14 0 14 4B 20
12 9 9 0 10 13 -4 3 0 21 13 2 16 33 34 14 -9 5 21 28 14 0 16 37 39
12 9 10 45 18 13 -4 4 26 27 13 2 17 26 63 14 -B 0 31 1 14 1 -4 0 10
12 9 12 0 11 13 -4 6 18 33 13 2 18 31 7 14 -8 7 53 64 14 1 -3 90 106
12 9 14 17 20 13 -4 8 42 49 13 3 -2 47 44 14 -7 -3 34 41 14 1 2 35 9
12 9 15 52 29 13 -4 14 0 45 13 3 7 0 13 14 —7 -1 0 9 14 1 3 45 57
12 9 16 0 26 13 -3 -7 42 33 13 3 6 37 48 14 -7 0 53 59 14 1 4 0 19
12 9 17 40 B 13 -3 4 0 10 13 3 10 73 57 14 -7 1 44 . 42 14 1 5 0 35
12 10 1 31 14 13 -3 6 0 11 13 3 11 IB 16 14 -7 2 0 34 14 1 7 0 27
12 10 12 41 61 13 -3 10 0 19 13 3 14 0 11 14 -7 3 0 48 14 1 8 46 42
12 10 13 35 10 13 -3 15 73 73 13 3 16 42 19 14 -7 4 49 12 14 1 10 0 IB
12 10 15 0 9 13 -2 -3 0 58 13 3 IB 28 21 14 -7 5 0 41 14 1 13 23 21
12 11 5 50 68 13 -2 -1 28 69 13 4 -5 0 30 14 -7 6 44 15 14 1 15 23 48
12 11 7 14 12 13 -2 6 21 54 13 4 -1 35 31 14 -7 7 38 57 14 1 17 46 47
12 11 9 44 55 13 -2 9 58 65 13 4 4 38 26 14 -7 8 16 26 14 2 -2 0 12
12 12 4 0 14 13 -2 11 16 43 13 4 6 11 15 14 -7 9 0 26 14 2 4 0 16
12 12 5 53 94 13 -2 12 41 85 13 4 B 44 16 14 -7 10 0 22 14 2 5 35 30
12 12 b 49 45 13 -2 13 0 14 13 4 9 34 46 14 -6 3 39 54 14 2 6 0 33
12 12 13 47 37 13 -2 15 36 35 13 4 10 0 16 14 -6 5 18 45 14 2 9 0 7
13--10 0 76 85 13 -2 16 68 90 13 4 11 0 59 14 -6 6 20 12 14 2 10 0 34
13-■10 1 73 101 13 -2 17 0 13 13 4 15 0 11 14 -6 B 20 30 14 2 12 40 15
13--10 3 52 70 13 -1 -6 34 38 13 4 16 50 38 14 -6 9 0 35 14 2 15 59 67
13-•10 5 36 27 13 -1 -5 27 74 13 4 17 47 60 14 -6 10 0 4 14 2 17 20 50
13 -9 -2 0 50 13 -1 -4 0 8 13 4 18 30 30 14 -6 11 0 9 14 3 -1 43 34
13 -9 2 0 46 13 - I -3 0 43 13 5 -4 0 55 14 -6 12 0 9 14 3 10 45 12
13 -9 9 32 51 13 -1 -2 12 55 13 5 1 76 97 14 -5 0 22 12 14 3 12 0 11
13 -B -4 40 39 13 -1 0 0 88 13 5 8 0 6 14 -5 2 29 72 14 3 13 49 51
13 -B -3 13 17 13 -1 1 0 27 13 5 10 20 48 14 ■5 3 19 72 14 3 14 0 33
13 -B -2 52 53 13 -1 3 44 29 13 5 11 0 13 14 -5 5 36 33 14 3 16 0 17
13 -8 -1 44 24 13 -1 7 0 14 13 5 12 22 35 14 -5 7 20 4 14 3 17 34 45
13 -B 0 0 26 13 -1 B 48 45 13 5 14 0 8 14 -5 9 IB 24 14 4 5 . 49 38
13 -8 1 27 9 13 -1 9 27 24 13 6 -2 0 59 14 -5 12 13 45 14 4 9 0 12
13 -B 2 0 11 13 -1 10 34 44 13 6 0 54 48 14 -5 13 13 23 14 4 12 29 15
13 -B 3 0 13 13 -1 12 22 17 13 6 7 0 25 14 -4 -3 0 13 14 4 14 33 18
13 -8 4 4B 64 13 -1 13 41 55 13 6 12 0 70 14 -4 -1 44 82 14 4 16 48 24
13 -B 5 56 57 13 -1 15 0 29 13 6 13 19 35 14 -4 2 15 57 14 5 0 34 63
13 -B b 0 16 13 -1 17 31 26 13 6 14 0 13 14 -4 4 30 64 14 5 4 46 70
13 -B 8 0 35 13 0 -5 24 56 13 6 15 0 44 14 -4 6 15 9 14 5 13 33 3
13 -7 -4 49 31 13 0 -4 0 16 13 6 16 18 54 14 -4 8 0 12 14 5 17 49 48
13 -7 -2 0 24 13 0 “3 45 36 13 6 17 30 9 14 -4 12 12 42 14 6 -1 0 24
13 -7 -1 0 27 13 0 -2 27 46 13 6 IB 0 19 14 -4 14 0 2B 14 6 8 19 14
13 -7 1 0 13 13 0 0 37 64 13 7 0 42 57 14 -3 3 0 44 14 6 10 51 41
13 -7 3 42 41 13 0 1 48 49 13 7 2 0 9 14 -3 6 45 IB 14 6 12 26 6
13 -7 4 0 18 13 0 3 0 20 13 7 16 0 17 14 -3 7 0 23 14 6 15 20 25
13 -7 5 0 31 13 0 5 36 9 13 8 -1 47 35 14 -3 8 0 39 14 6 16 33 9
13 -7 10 45 76 13 0 7 21 36 13 8 1 39 16 14 -3 9 40 39 14 7 5 55 56
13 -7 11 37 90 13 0 13 42 25 13 B 3 0 6 14 -2 -2 38 23 14 7 12 0 10
13 -7 12 37 49 13 0 16 35 3 13 8 6 0 45 14 -2 0 12 46 14 7 13 81 86
13 -6 -5 0 52 13 0 18 0 42 13 8 7 48 50 14 -2 2 46 46 14 7 16 18 40
13 -6 -2 70 67 13 1 -5 39 20 13 8 8 0 53 14 -2 5 0 74 14 8 1 32 72
13 -6 0 0 7 13 1 -3 39 49 13 8 9 0 13 14 -2 7 0 10 14 8 2 0 2
13 -6 2 0 41 13 1 1 0 36 13 8 10 39 35 14 -2 8 50 64 14 8 3 26 56
13 -6 4 44 38 13 1 4 22 14 13 8 12 50 47 14 -2 9 15 8 14 8 4 3B 48
13 -6 6 0 30 13 1 5 30 60 13 8 17 30 37 14 -2 11 23 22 14 B 6 35 86
13 -6 8 0 16
1
13 1 7 0 13 13 9 1 0 30 14 -2 12 46 54 14 8 9 0 6
13 -6 11 0 13 t 10 0 15 13 9 3 0 36 14 -2 13 23 34 14 B 15 0 19
13 -6 13 4B 13 13 1 12 38 15 13 9 5 49 42 14 -2 14 0 4 14 9 4 0 13
13 -5 -3 0 4 13 1 14 0 37 13 9 9 23 26 14 -1 -3 54 50 14 9 6 0 42
13 -5 -1 15 45 13 1 18 46 44 13 9 11 48 62 14 -1 4 0 6 14 9 8 0 22
13 -5 0 0 19 13 2 -6 41 3 13 9 14 45 13 14 -1 6 48 67 14 9 10 0 5
13 -5 1 15 63 13 2 1 0 3 13 9 16 24 20 14 -1 11 0 29 14 9 12 53 62
13 *5 3 37 60 13 2 2 40 51 13 10 2 0 7 14 -1 12 37 57 14 9 13 51 48
13 -5 4 0 12 13 2 3 0 7 13 10 4 45 25 14 -1 13 0 27 14 10 6 51 65
13 -5 5 37 17 13 2 6 16 21 13 10 14 22 12 14 -1 14 24 20 14 10 8 0 51
13 -5 b 0 B 13 2 7 0 31 13 10 15 0 23 14 -1 15 0 6 14 10 9 0 25
13 -5 7 0 22 13 2 8 40 73 13 11 4 29 63 14 -1 16 34 40 14 10 10 58 77
13 -5 10 0 53 13 2 9 0 32 13 11 6 48 67 14 0 -4 0 27 14 10 11 65 78
13 -4 -6 12 51 13 2 10 48 72 13 11 8 0 41 14 0 1 44 41 15 -7 2 0 60
13 -4 -4 0 10 13 2 11 36 34 14 -9 2 27 85 14 0 10 38 39 15 -7 7 45 8
C50
Values of 10«Fobs and 10«Fcalc
H K L Fobs Fcalc H K L Fobs Fcalc
IS -6 2 12 50 15 7 8 39 47
IS -6 4 0 3 15 8 5 56 60
15 -6 5 45 78 15 8 7 31 50
IS -6 6 0 6 15 8 10 39 26
15 -6 8 53 40 16 -4 8 46 29
15 -b 9 2b 21 16 -3 3 41 35
15 -5 -1 47 48 16 -3 5 38 21
15 -5 1 0 11 16 -2 2 48 31
15 -5 3 27 51 16 -2 8 84 108
15 -5 8 0 9 16 -2 9 0 21
15 -5 10 0 6 16 -1 8 25 34
15 -4 -2 40 23 16 0 1 5B 74
15 -4 7 49 20 16 0 3 0 IB
15 -4 11 82 87 16 0 5 35 28
15 -4 12 0 64 16 0 12 0 19
15 -3 2 3b 36 16 1 1 35 48
15 -3 4 44 25 16 1 4 14 7
15 -3 9 52 88 16 1 5 0 57
15 -3 11 50 54 16 1 7 9 44
15 -3 13 32 14 16 1 8 30 41
15 -2 -1 0 40 16 1 9 0 2
15 -2 8 48 37 16 1 11 18 63
15 -2 10 0 36 16 2 2 0 53
15 -2 12 49 31 16 2 4 60 60
15 - I -2 46 19 16 2 6 24 32
15 -1 5 21 30 16 2 8 0 48
15 -1 9 0 7 16 2 11 49 59
15 -1 12 31 25 16 2 13 49 33
15 -1 14 44 28 16 3 3 0 39
15 0 -2 81 101 16 3 10 46 5
15 0 1 27 73 16 3 11 69 72
15 0 4 50 68 16 3 13 30 21
15 0 11 0 5 16 4 4 32 42
15 0 13 37 32 16 4 9 77 83
15 0 15 0 27 16 4 12 0 59
15 1 -1 0 22 16 4 13 0 13
15 1 1 0 38 16 5 4 0 15
15 1 b 0 23 16 5 6 0 41
15 1 11 68 61 16 5 8 35 61
15 1 13 40 45 16 6 8 16 62
15 1 14 39 63 16 6 10 6S 63
15 2 -2 51 15
15 2 3 42 35
15 2 5 44 2
15 2 7 65 62
15 2 11 33 80
15 2 12 0 53
15 2 13 42 19
15 2 14 0 1
15 2 15 53 52
15 3 2 80 83
15 3 9 25 92
15 3 10 0 18
15 3 11 0 41
15 3 12 54 66
15 3 13 43 44
15 3 14 0 31
15 3 15 38 26
15 4 1 0 16
15 4 b 46 25
15 4 8 0 39
15 4 10 43 48
15 4 15 33 38
15 5 1 43 9
15 5 3 0 31
15 5 5 0 25
15 5 12 13 15
15 s 14 41 19
15 b 9 0 31
15 7 b 0 15
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Positional Parameters D2
Bond Distances D6
Bond Angles D7
Least-squares planes D8
FoFc DIO
References for Figure 4.1 D26
D1
Ato* X y z B .c,
FE 0.01626(8) 0.4810(1) 0.49388(7) 0.98(4)
CL 0.0882(2) 0.4138(3) 0.4687(2) 3.1(1)
01 -0.1862(3) -0.0446(4) 0.4873(3) 4.9(2)
02 -0.2283(3) 0.6364(6) 0.1743(3) 5.4(2)
N1 0.0011(3) 0.3966(4) 0.5514(2) 1.5(1)
N2 -0.0593(3) 0.4301(4) 0.4447(2) 1.3(1)
Cl 0.0381(3) 0.3914(5) 0.6023(3) 1.3(2)
C2 0.0276(4) 0.3063(6) 0.6254(3) 1.9(2)
C3 -0.0136(4) 0.2613(5) 0.5893(3) 1.8(2)
C4 -0.0303(3) 0.3170(5) 0.5423(3) 1.4(2)
C5 -0.0697(3) 0.2926(5) 0.4953(3) 1.5(2)
C 6 -0.0831(3) 0.3461(5) 0.4507(3) 1.8(2)
C7 -0.1250(4) 0.3223(6) 0.4020(3) 2.5(2)
CB -0.1278(4) 0.3945(7) 0.3680(4) 2.9(2)
C9 -0.0877(3) 0.4608(5) 0.3948(3) 1.6(2)
CIO -0.0784(3) 0.5442(6) 0.3724(3) 1.5(2)
C21 -0.1001(3) 0.2027(5) 0.4933(3) 1.8(2)
C22 -0.1406(4) 0.1886(6) 0.5228(3) 2.1(2)
C23 -0.1705(3) 0.1065(6) 0.5227(3) 2.3(2)
C24 -0.2155(4) 0.0949(6) 0.5548(4) 3.2(2)
C25 -0.1964(6) 0.0174(9) 0.5945(4) 6.1(3)
C26 -0.2757(5) 0.0757(8) 0.5183(5) 4.8(3)
Table D.1 Fractional atomic coordinates with e.s.d.in parentheses 
and B.o thermal parameters (A2). The B«*<, values are calculated 
according to the equation B»„=A/3EiEjBijai.aj.
D2
Atos X y z B .c
C27 -0.2219(4) 0.1811(8) 0.5854(4) 4.9(2)
C28 -0.1575(4) 0.0381(6) 0.4906(4) 2.6(2)
C29 -0.1170(4) 0.0468(6) 0.4604(4) 2.5(2)
C30 -0.1020(4) -0.0307(7) 0.4270(4) 3.5(2)
C31 -0.0760(5) -0.1092(8) 0.4632(6) 6.6(3)
C32 -0.0553(5) -0.0025(8) 0.3992(5) 6.5(3)
C33 -0.1546(5) -0.0634(8) 0.3847(5) 5.3(3)
C34 -0.0890(3) 0.1329(6) 0.4636(4) 2.4(2)
C35 -0.1173(4) 0.5672(6) 0.3194(3) 2.1(2)
C36 -0.1051(4) 0.5384(6) 0.2734(3) 2.4(2)
C37 -0.1416(4) 0.5601(6) 0.2228(3) 2.5(2)
C38 -0.1271(4) 0.5262(7) 0.1727(3) 3.1(2)
C39 -0.1734(6) 0.4600(9) 0.1414(5) 6.1(3)
C40 -0.0675(6) 0.480(1) 0.1849(5) 8.8(4)
C41 -0.1208(6) 0.6044(9) 0.1365(5) 6.1(3)
C42 -0.1918(4) 0.6103(7) 0.2229(4) 3.0(2)
C43 -0.2059(4) 0.6391(6) 0.2686(4) 2.4(2)
C44 -0.2610(5) 0.6935(9) 0.2672(5) 5.0(3)
C45 -0.3144(6) 0.645(2) 0.2354(7) 9.9(6)
C46 -0.2681(5) 0.712(1) 0.3228(5) 6.4(3)
C47 -0.2563(7) 0.787(1) 0.2419(6) 8.5(4)
C48 -0.1671(4) 0.6159(6) 0.3159(4) 2.6(2)
Table D.1 /cont
D3
At on X y 7 B.
H2 0.0474 0.2B44 0.6621 5*
H3 -0.0298 0.1997 0.5942 5*
H7 -0.1478 0.2640 0.3944 5*
HB -0.1533 0.3987 0.3310 5*
H22 -0.1488 0.2398 0.5452 5*
H25A -0.2261 0.0096 0.6155 5*
H25B -0.1938 -0.0404 0.5746 5*
H25C -0.1576 0.0321 0.6187 5*
H26A -0.3046 0.0684 0.5403 5*
H26B -0.2880 0.1274 0.4929 5*
H26C -0.2743 0.017B 0.4981 5*
H27A -0.2516 0.1704 0.6059 5*
H27B -0.1831 0.1954 0.6109 5*
H27C -0.2341 0.2328 0.5603 5*
H31A -0.0661 -0.1609 0.4414 5*
H31B -0.0397 -0.0892 0.4898 5*
H31C -0.1052 -0.1320 0.4823 5*
H32A -0.0467 -0.0554 0.3777 5*
H32B -0.0694 0.0503 0.3749 5*
H32C -0.0185 0.0150 0.4262 5t
H33A -0.1423 -0.1137 0.3639 5*
H33B -0.1850 -0.0860 0.4018 5*
% Isotropic tempe r a t u r e  factor not refined
Table D.1 /cant
D4
At OB X y z B.
H33C -0.1707 -0.0113 0.3602 5*
H34 -0.0593 0.1428 0.4426 5#
H36 -0.0691 0.5004 0.2757 5*
H39A -0.1623 0.4396 0.1088 5*
H39B -0.1767 0.4067 0.1641 5*
H39C -0.2120 0.4931 0.1308 5*
H40A -0.0595 0.4587 0.1510 5*
H40B -0.0370 0.5256 0.2025 5*
H40C -0.0671 0.4273 0.2091 5*
H41A -0.1109 0.5802 0.1039 5*
H41B -0.1580 0.6398 0.1261 5*
H41C -0.0882 0.6459 0.1559 5*
H45A -0.3494 0.6838 0.2354 5*
H45B -0.3111 0.6375 0.1982 5*
H45C -0.3175 0.5851 0.2519 5*
H46A -0.3051 0.7469 0.3201 5*
H46B -0.2704 0.6519 0.3410 5*
H46C -0.2340 0.7474 0.3435 5*
H47A -0.2933 0.8225 0.2404 5f
H47B -0.2222 0.8203 0.2636 5*
H47C -0.2526 0.7780 0.2048 5*
H48 -0.1762 0.6367 0.3497 5*
Table D.1 /cont
D5
Atoai Atoa2 D istance
FE CL 2 .2 0 6 (5 )
FE NI 2 .0 4 0 (7 )
FE NI 2 .1 2 2 (6 )
FE N2 2 .0 5 0 (6 )
FE N2 2 .1 0 6 (6 )
01 C28 1 .377 (10 )
02 C42 1.386(11 )
NI Cl 1.3BBI8)
Ni C4 1 .368 (9 )
N2 C6 1 .375 (10 )
N2 C9 1 .373 (9 )
Cl C2 1.430(11 )
Cl CIO 1 .380 (10 )
C2 C3 1 .338 (10 )
C3 C4 1.437(10 )
C4 C5 1.380(10 )
C5 C6 1 .366(11 )
C5 C21 1.492(11 )
C6 C7 1 .434 (10 )
C7 C8 1 .366 (13 )
ce C9 1.408 (11 )
C9 CIO 1.393(11 )
CIO C35 1.484(10 )
C21 C22 1.387(13 )
C21 C34 1 .346 (12 )
C22 C23 1 .393 (12 )
C23 C24 1.519(14 )
C23 C2B 1.386 (13 )
C24 C25 1.522 (15 )
C24 C26 1 .520(12 )
C24 C27 1 .518 (15 )
C28 C29 1 .393 (14 )
A toal Atoa2 D istance
C29 C30 1 .524 (14 )
C29 C34 1 .415 (12 )
C30 C31 1 .5 1 (2 )
C30 C32 1 .5 2 (2 )
C30 C33 1 .510 (14 )
C35 C36 1 .369 (13 )
C35 C48 1 .359 (12 )
C36 C37 1 .410 (11 )
C37 C38 1 .514(13 )
C37 C42 1 .394 (13 )
C38 C39 1 .528 (15 )
C38 C40 1 .5 2 (2 )
C3B C41 1 .5 1 (2 )
C42 C43 1 .382 (14 )
C43 C44 1 .519 (15 )
C43 C48 1 .371 (11 )
C44 C45 1 .5 0 (2 )
C44 C46 1 .5 2 (2 )
C44 C47 1 .5 3 (2 )
C2 H2 1 .002 (7 )
C3 H3 0 .9 9 9 (8 )
C7 H7 1 .00 2 (9 )
C8 H8 0 .9 9 7 (8 )
C22 H22 0 .9 9 9 (9 )
C25 H25A 1 .001 (14 )
C25 H25B 1.000 (13 )
C25 H25C 0 .994 (11 )
C26 H26A 1.004 (12 )
C26 H26B 0 .9 9 7 (1 1 )
C26 H26C 0 .9 9 9 (1 2 )
C27 H27A 1.002 (12 )
C27 H27B 1.005 (9 )
Atoal Atoa2 Distance
s r rs * esase CXCCSICt
C27 H27C 0 .991 (11 )
C31 HJlfi 1 .006 (14 )
C31 H31B 0.995 (12 )
C31 H31C 1.006 (15 )
C32 H32A 1.006 (12 )
C32 H32B 0.9 98 (11 )
C32 H32C 1.001(10 )
C33 H33A 0 .9 98 (13 )
C33 H33B 0 .99 6 (1 4 )
C33 H33C 1.002 (12 )
C34 H34 1 .003 (9 )
C36 H36 1 .00 4 (9 )
C39 H39A 0 .995 (1 3 )
C39 H39B 0.9 92 (13 )
C39 H39C 1 .008 (13 )
C40 H40A 0 .99 3 (14 )
C40 H40B 1 .0 1 (2 )
C40 H40C 0 .9 9 (2 )
C41 H41A 1.001 (14 )
C41 H41B 0.996 (14 )
C41 H41C 1 .008 (13 )
C45 H45A 1 .0 1 (2 )
C45 H45B 0 .9 9 (2 )
C45 H45C 0 .9 8 (2 )
C46 H46A 1 .002 (13 )
C46 H46B 1.001 (14 )
C46 H46C 0 .9 9 5 (1 2 )
C47 H47A 1 .0 1 (2 )
C47 H47B 0 .98 6 (15 )
C47 H47C 1 .0 0 (2 )
C4B H48 1 .007 (10 )
Nuabers in  parentheses are e s tia a te d  standard d e v ia tio n s  in  the le a s t s ig n if ic a n t  d ig i ts .
Table D. 2 Bond distances (A.)
D6
A toal Atoa2 Atoa3 Angle
CL FE NI 10 4 .1 (2 )
CL FE NI 105 .3 (2 )
CL FE N2 10 5 .6 (2 )
CL FE N2 10 3 .9 (2 )
NI FE NI 150 .5 (3 )
NI FE N2 B 7.0 (2 )
NI FE N2 8 7 .7 (3 )
NI FE N2 8 7 .0 (2 )
NI FE N2 8 3 .5 (2 )
N2 FE N2 150 .4 (3 )
FE NI FE 2 9 .5 (1 )
FE N2 FE 2 9 .6 (1 )
Cl NI C4 10 7 .4 (6 )
C6 N2 C9 10 6 .5 (6 )
NI Cl C2 108 .3 (6 )
NI Cl CIO 12 7 .2 (7 )
C2 Cl CIO 1 2 4 .6 (6 )
Cl C2 C3 107 .9 (6 )
C2 C3 C4 10 8 .0 (7 )
NI C4 C3 10 8 .5 (6 )
NI C4 C5 12 5 .8 (7 )
C3 C4 C5 1 2 5 .6 (7 )
C4 C5 C6 12 4 .1 (7 )
C4 C5 C21 11 7 .8 (7 )
C6 C5 C21 1 1 8 .2 (6 )
N2 C6 C5 12 6 .5 (6 )
N2 C6 C7 109 .0 (7 )
C5 C6 C7 12 4 .5 (7 )
C6 C7 CB 1 0 6 .9 (7 )
C7 CB C9 1 0 7 .2 (7 )
N2 C9 CB 11 0 .3 (7 )
N2 C9 CIO 1 2 6 .2 (6 )
C8 C9 CIO 12 3 .6 (7 )
Cl CIO C9 1 2 4 .2 (6 )
Cl CIO C35 118 .3 (7 )
C9 CIO C35 117 .4 (6 )
C5 C21 C22 12 0 .4 (7 )
C5 C21 C34 121 .6 (8 )
C22 C21 C34 11 8 .0 (8 )
C21 C22 C23 123 .4 (8 )
C22 C23 C24 1 2 1 .5 (8 )
C22 C23 C28 11 5 .5 (9 )
A toal Ato«2 Atoa3 Angle
S3SS3 ===== ===== =====
C24 C23 C28 1 2 3 .0 (8 )
C23 C24 C25 10 9 .2 (8 )
C23 C24 C26 1 1 0 .8 (8 )
C23 C24 C27 1 1 2 .0 (8 )
C25 C24 C26 11 0 .5 (9 )
C25 C24 C27 1 0 8 .3 (8 )
C26 C24 C27 10 6 .0 (8 )
01 C28 C23 119 .2 (9 )
01 C28 C29 116 .3 (8 )
C23 C28 C29 124 .5 (8 )
C28 C29 C30 12 3 .4 (8 )
C28 C29 C34 11 5 .3 (8 )
C30 C29 C34 121 .3 (9 )
C29 C30 C31 109 .1 (9 )
C29 C30 C32 11 1 .9 (8 )
C29 C30 C33 112 .4 (8 )
C31 C30 C32 10 5 .9 (9 )
C31 C30 C33 109 .9 (9 )
C32 C30 C33 107 .5 (9 )
C21 C34 C29 123 .4 (9 )
CIO C35 C36 121 .5 (7 )
CIO C35 C48 120 .0 (8 )
C36 C35 C48 11 8 .4 (7 )
C35 C36 C37 122 .0 (8 )
C36 C37 C38 120 .6 (8 )
C36 C37 C42 115 .7 (8 )
C3B C37 C42 123 .7 (7 )
C37 C38 C39 112 .0 (9 )
C37 C3B C40 111 .8 (7 )
C37 C38 C41 11 1 .6 (9 )
C39 C38 C40 1 0 9 .(1 )
C39 C38 C41 1 0 8 .6 (8 )
C40 C38 C41 10 4 .(1 )
02 C42 C37 118 .3 (9 )
02 C42 C43 11 7 .9 (8 )
C37 C42 C43 123 .7 (8 )
C42 C43 C44 122.3 (B )
C42 C43 C48 116 .3 (8 )
C44 C43 C4B 12 1 .4 (9 )
C43 C44 C45 11 1 .(1 )
C43 C44 C46 1 1 1 .9 (9 )
C43 C44 C47 1 0 9 .(1 )
Bond angles <*>Table D.3
Atoal Atoa2 Atoa3 Angle
===== ===== ssrss SS333
C45 C44 C46 10 9 .(1 )
C45 C44 C47 10 9 .(1 )
C46 C44 C47 1 0 7 .(1 )
C35 C48 C43 1 2 3 .9 (9 )
H25A C25 H25B 1 0 9 .(1 )
H25A C25 H25C 1 1 0 .(1 )
H25B C25 H25C 1 1 0 .(1 )
H26A C26 H26B 1 0 9 .(1 )
H26A C26 H26C 1 0 9 .(1 )
H26B C26 H26C 1 1 0 .(1 )
H27A C27 H27B 1 0 9 .(1 )
H27A C27 H27C 1 1 0 .(1 )
H27B C27 H27C 1 1 0 .(1 )
H31A C31 H31B 1 0 9 .(1 )
H31A C31 H31C lO B .( l )
H31B C31 H31C 1 0 9 .(1 )
H32A C32 H32B 1 0 9 .(1 )
H32A C32 H32C 1 0 9 .(1 )
H32B C32 H32C 1 1 0 .(1 )
H33A C33 H33B 110.(11
H33A C33 H33C 1 0 9 .(1 )
H33B C33 H33C 1 1 0 .(1 )
H39A C39 H39B 1 1 1 .(1 )
H39A C39 H39C 1 0 9 .(1 )
H39B C39 H39C 1 0 9 .(1 )
H40A C40 H40B 1 0 9 .(2 )
H40A C40 H40C 1 1 1 .(2 )
H40B C40 H40C 1 1 0 .(1 )
H41A C41 H41B 1 1 0 .(1 )
H41A C41 H41C 1 0 9 .(1 ) .
H41B C41 H41C 1 0 9 .(1 )
H45A C45 H45B 1 0 9 .(2 )
H45A C45 H45C 1 1 0 .(2 )
H45B C45 H45C 1 1 2 .(2 )
H46A C46 H46B 1 0 9 .(1 )
H46A C46 H46C 1 1 0 .(1 )
H46B C46 H46C 1 1 0 .(1 )
H47A C47 H47B 1 1 0 .(2 )
H47A C47 H47C 1 0 9 .(1 )
H47B C47 H47C 11 1 .(2 )
D7
The equation of the plane is  of the fo ra :  A*k + B*y + C*z -  D = 0 
Nhere A,B,C it D are  constants and x ,y  I  z are  orthoganalized co ord inates.
Plane No. A 6 C 0 Atoa x y z D istance Esd
1 0.8453 -0 .43 8 7 -0 .304 9 -9 .8 7 3 9
NI -3 .6 7 4 8  5 .7963 13.8536 0.001 0.006
N2 -4 .3 88 6  6 .2862 11.1739 -0 .0 0 1 0.006
N3 -3 .0 3 7 9  8 .8187 11.2713 0.001 0.000
N4 -2 .32 6 4  8.3291 13.9521 -0 .0 0 1 0.000
Chi Squared = 0 .
 ; o tf,e r Atoas--------------------
FE -2 .93 1 6  7 .0300 12.4089 0 .528  0 .002
2 0.8371 -0 .4 3 2 9  -0 .3 3 4 4  -10 .17 46   Atoas in  P lane------------------
NI -3 .674 8 5.7963 13.8536 -0 .0 4 3 0.006
N2 -4 .388 6 6.2862 11.1739 0 ,04 3 0.006
N3 -3 .0 37 9 8.8187 11.2713 0 .04 5 0.000
N4 -2 .3 26 4 8.3291 13.9521 -0 .0 4 4 0.000
Cl -3 .1 4 2 5 5.7198 15.1337 0.007 0.008
C2 -3 .5 4 7 5 4.4772 15.7140 0 .01 2 0.008
C3 -4 .2774 3.8188 14.8069 -0 .0 1 1 0.008
C4 -4 .356 6 4.6328 13.6249 -0 .0 3 4 0.008
C5 -4 .973 9 4.2768 12.4436 -0 .0 0 2 0.008
C6 -4 .9 9 0 8 5.0586 11.3232 0 .02 0 0.008
C7 -5 .653 2 4.7109 10.0997 0 .026 0.009
ca -5 .49 1 8 5.7656 9.2462 -0 .0 1 1 0.009
C9 -4 .7 24 8 6.7344 9.9208 -0 .0 1 3 0.008
CIO -4 .354 6 7.9530 9.3570 -0 .0 4 3 0.008
C U -3 .5 7 0 9 8.8947 9.9924 -0 .0 0 7 0.000
C12 -3 .1 67 6 10.1384 9.4120 -0 .0 1 3 0.000
C13 -2 .4 35 9 10.7961 10.3190 0.011 0.000
C14 -2 .3 5 6 7 9.9820 11.4999 0 .035 0.000
C15 -1 .7 4 0 8 10.3387 12.6808 0.001 0 .000
C16 -1 .723 4 9.5567 13.8014 -0 .0 2 0 0.000
C17 -1 .059 9 9.9046 15.0250 -0 .0 2 5 0.000
C18 -1 .22 1 9 8.8494 15.B793 0.011 0.000
C19 -1 .99 0 0 7.B804 15.2059 0 .0 12 0.000
C20 -2 .3 6 0 3 6.6615 15.7687 0 .04 2 0.000
Chi Squared = 179.
Table D.4 Least-squares planes data
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Plane No. A B C D A to i x y z D istance Esd
---- - - - - - - - - - - - - - - - - - Qther Atoas--- - - - - - - - - - - - - - - - - -
FE -2 .9 31 6  7.0300 12.4089 0 .528  0 .002
3 0.8295 -0 .4 2 8 8  -0 .3 57 9  -10 .4 8 3 6   Atoas in  P lane------------------
Nl -3 .67 4 8 5.7963 13.8536 -0 .0 0 9 0.006
Cl -3 .14 2 5 5.7198 15.1337 0.007 0.007
C2 -3 .5 4 7 5 4.4772 15.7140 -0 .0 0 3 0.008
C3 -4 .27 7 4 3.8188 14.8069 -0 .0 0 2 0 .008
C4 -4 .35 6 6 4.6328 13.6249 0.006 0.008
Chi Squared -  4.
4 0 .8337 -0 .4 2 4 2  -0 .353 5  -10 .2925  ------------------ Atoas in  Plane------------
N2 -4 .38 8 6 6.2862 11.1739 0.017 0 .006
C6 -4 .9 9 0 8 5.0586 11.3232 -0 .0 1 7 0.008
C7 -5 .653 2 4.7109 10.0997 0.011 0.009
C8 -5 .49 1 8 5.7656 9.2462 0.000 0.009
C9 -4 .72 4 8 6.7344 9.9208 -0 .0 1 0 0.008
Chi Squared = 16.
5 -0 .5 4 6 6  0 .3263 -0 .7 7 1 2  -5 .4 9 4 0   Atoas in  P lane------------------
C21 -5 .678 2 2.9623 12.3956 0 .005 0.008
C22 -6 .8 3 3 3 2.7563 13.1355 -0 .0 0 1 0.008
C23 -7 .5 40 9 1.5563 13.1338 -0 .0 0 5 0 .008
C28 -7 .0 1 8 5 0.5574 12.3273 0 .006 0.009
C29 -5 .857 7 0.6837 11.5676 -0 .0 0 2 0 .009
C34 -5 .2 1 5 8 1.9419 11.64S6 -0 .0 0 4 0.009
Chi Squared -  1.
6 0 .5297 0 .8479 -0 .020 0  4.2563 ------------------ Atoas in  Plane'
C35 -4 .9 18 3 8.2890 8.0259 0 .006 0.009
C36 -4 .320 3 7.8681 6.8683 -0 .0 1 1 0.009
C37 -4 .8 4 3 9 8.1860 5.5982 0 .007 0 .00 9
C42 -6 .029 7 8.9192 5.5995 0.001 0.010
C43 -6 .670 5 9.3402 6.7494 -0 .0 0 5 0.009
C48 -6 .071 9 9.0021 7.9360 0 .002 0.009
Chi Squared = 3.
D ihedral Angles Between Planes:
Plane No. Plane No. D ihedral Angle
1 2 1 .8
1 3 3 .2
1 4 3 .0
1 5 111.7
1 6 85 .3
2 3 1 .4
2 4 1.2
2 5 109.9
2 6 85 .2
3 4 0 .4
3 5 108.5
3 6 B5.2
4 5 10 8 .B
4 6 84 .9
5 6 89 .9
Table D. 4 /cont
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Values of 10*Fobs and 10»Fcalc Page 1
H K L Fobs Fcalc SigF H K L Fobs Fcalc SigF H K L Fobs Fcalc SigF H K L Fobs F calc
0 0 2 41B7 4364 10 0 8 2 430 456 19 1 3 -19 607 680 17 1 7-2 3 845 837
0 0 4 3229 2268 4 0 8 3 689 711 15 1 3 -16 227 175 19 1 7-21 659 668
0 0 8 1708 2126 4 0 8 4 270 308 26 1 3 -15 311 28B 21 1 7 -2 0 276 259
0 0 12 358 338 9 0 8 5 490 491 18 1 3 -12 546 541 13 1 7 -19 438 416
0 0 14 832 931 8 0 8 7 744 741 15 1 3--11 868 691 10 1 7--16 538 467
0 0 16 3B1 507 11 0 8 8 272 310 24 1 3 -10 165 356 15 1 7 -15 649 703
0 0 18 706 1032 9 0 8 9 942 913 15 1 3 -9 914 976 8 1 7--14 487 435
0 0 22 1040 1597 11 0 8 10 274 242 27 1 3 -8 400 327 11 1 7 -13 946 982
0 2 1 2582 2413 6 0 8 12 601 569 24 1 3 -7 701 671 7 1 7-■12 449 483
0 2 2 1516 1810 6 0 8 13 282 230 24 1 3 -6 768 1238 6 1 7 -11 676 690
0 2 3 3113 3635 5 0 8 17 196 66 31 1 3 -5 95 103 9 1 7--10 911 856
0 2 4 630 341 8 0 8 21 606 601 46 1 3 -4 1052 1490 5 1 7 -9 358 179
0 2 5 1761 1246 6 0 8 23 599 557 43 1 3 -3 614 912 5 1 7 -8 162 34
0 2 6 1161 1356 6 0 10 0 430 606 25 1 3 -2 2269 1914 4 1 7 -7 405 333
0 2 7 128 271 15 0 10 1 423 481 24 1 3 -1 2358 1100 4 1 7 -6 454 399
0 2 8 556 690 9 0 10 2 526 637 22 1 3 1 885 616 5 1 7 -5 579 601
0 2 9 686 655 9 0 10 3 274 286 23 1 3 3 1006 701 6 1 7 -4 831 919
0 2 10 838 863 9 0 10 4 217 326 19 1 3 4 1931 2126 6 1 7 -3 370 358
0 2 11 560 837 12 0 10 5 241 289 24 1 3 5 756 922 8 1 7 -2 347 357
0 2 12 267 273 16 0 10 6 291 340 33 1 3 6 1717 1865 7 1 7 -1 270 43
0 2 13 278 287 19 0 10 7 282 241 29 1 3 7 373 281 15 1 7 0 470 558
0 2 14 391 450 17 0 10 8 313 400 25 1 3 8 971 743 10 1 7 1 151 162
0 2 15 517 665 15 0 10 10 268 257 22 1 3 10 1032 893 11 1 7 2 398 418
0 2 16 315 496 17 0 10 13 275 153 30 1 3 11 531 512 20 1 7 3 1034 899
0 2 17 442 539 17 0 10 16 277 230 34 1 3 12 998 861 13 1 7 4 276 263
0 2 18 556 611 15 0 10 17 566 511 52 1 3 14 875 820 13 1 7 6 1198 1110
0 2 19 286 379 23 0 12 0 698 758 25 1 3 16 567 582 16 1 7 7 194 222
0 2 21 704 860 15 0 12 4 326 394 38 1 3 18 482 558 21 1 7 8 939 926
0 2 23 157 225 23 0 12 6 437 584 33 1 3 19 195 230 32 1 7 9 526 421
0 4 0 264 441 15 0 12 8 626 682 33 1 3 22 323 276 25 1 7 11 1114 1028
0 4 1 613 279 8 0 12 11 339 247 42 1 3 26 277 224 29 1 7 12 736 717
0 4 2 525 502 9 0 12 13 759 757 39 t 5-26 324 225 25 1 7 14 391 342
0 4 3 1524 1509 6 0 12 15 921 784 48 1 5-24 351 321 42 1 7 15 506 434
0 4 4 501 425 10 0 12 16 369 308 37 1 5-23 313 349 33 1 7 16 284 296
0 4 5 270 65 18 0 12 17 490 450 51 1 5- 21 431 471 32 1 7 17 496 409
0 4 6 362 344 16 0 12 20 257 257 43 1 5--19 338 317 28 1 7 18 670 677
0 4 7 1069 879 10 0 14 0 805 865 39 1 5- 18 176 35 27 1 7 21 976 941
0 4 8 1448 1313 10 0 14 1 416 360 55 1 5--16 158 150 19 1 7 23 641 661
0 4 9 1142 1036 11 0 14 2 450 451 47 1 5- 14 919 875 14 1 9-21 441 368
0 4 10 2343 2158 10 0 14 5 353 373 33 1 5--12 393 392 20 1 9-20 234 235
0 4 11 423 389 22 1 1- 22 1073 1258 15 1 5- 11 5BB 564 15 1 9- 18 291 255
0 4 12 1864 1735 11 1 1--18 743 839 12 1 5-•10 1079 970 11 1 9--16 429 365
0 4 14 1141 1141 13 1 1- 16 353 420 14 1 5 -9 286 424 21 1 9- 15 250 205
0 4 16 485 611 19 1 1--13 193 42 20 1 5 -8 216 117 17 1 9--14 354 258
0 4 18 213 285 33 1 1- 12 182 108 16 1 5 -7 1204 1277 9 1 9- 13 498 470
0 4 20 307 312 25 1 1 -9 194 237 13 1 5 -6 857 806 9 1 9-•12 511 514
0 4 21 298 340 26 1 1 -8 725 812 6 1 5 -5 199 89 18 1 9- 11 300 286
0 4 24 447 441 31 1 1 -7 665 499 5 1 5 -4 693 705 8 1 9-•10 541 542
0 4 26 305 326 26 1 1 -6 1068 1089 4 1 5 -3 351 411 11 1 9 -9 802 806
0 6 0 237 80 23 1 1 0 4118 3955 5 1 5 -2 1042 871 6 1 9 -8 646 697
0 6 1 671 832 11 1 1 3 847 591 7 1 5 -1 559 342 8 1 9 -7 446 367
0 6 3 676 729 11 1 1 4 1556 1022 6 1 5 0 429 232 9 1 9 -6 517 642
0 6 4 228 178 18 1 1 5 597 276 8 1 5 1 937 1286 6 1 9 -5 246 136
0 6 5 530 312 14 1 1 6 1640 1469 6 1 5 3 805 860 8 1 9 -3 652 735
0 6 6 117 26 19 1 1 7 346 252 11 1 5 4 825 810 9 1 9 -2 404 447
0 6 7 593 457 16 I 1 8 905 1232 7 1 5 5 343 177 15 I  9 -1 422 340
0 6 8 1033 799 14 1 1 9 388 618 12 1 5 6 988 1016 10 1 9 0 177 276
0 6 9 4B6 369 21 1 1 10 564 623 10 1 5 7 385 300 18 1 9 1 516 450
0 6 10 1054 846 15 1 1 12 334 198 15 1 5 8 1794 1695 10 1 9 2 284 281
0 6 12 1174 1085 15 1 1 14 348 384 13 1 5 9 1020 895 13 1 9 3 274 224
0 6 13 788 720 19 1 1 16 788 905 11 1 5 11 198 127 21 1 9 4 283 328
0 6 14 367 305 28 1 1 18 706 837 12 1 5 12 595 551 18 1 9 5 170 107
0 6 16 304 251 31 1 1 20 274 369 24 1 5 13 404 343 24 1 9 6 267 248
0 6 18 234 229 33 1 1 21 262 417 22 1 5 16 718 714 19 1 9 8 157 216
0 6 21 706 761 28 1 22 383 497 22 1 5 18 558 585 24 1 9 10 323 322
0 6 23 422 466 39 1 1 23 201 252 18 1 5 20 321 360 25 1 9 11 544 643
0 b 24 415 373 23 1 3- 27 251 307 30 1 5 21 598 632 30 1 9 12 378 346
0 6 26 279 283 32 1 3- 25 309 272 22 1 5 22 417 457 34 1 9 13 587 584
0 8 0 620 608 15 1 3- 23 521 489 2B 1 5 24 676 664 31 1 9 14 369 361
0 8 1 158 58 16 1 3' 21 219 190 29 1 5 26 409 399 35 1 9 15 736 732
Table D. 5 Structure factor tables <FoFc )
SigF
33
32
38
31
25
20
23
16
24
17
15
22
22
1?
16
13
11
15
14
20
16
14
18
11
17
12
25
13
18
15
19
31
27
21
28
29
29
40
43
37
31
33
26
36
28
25
36
22
18
19
21
19
27
13
22
21
22
18
26
28
28
24
29
21
24
23
33
26
32
28
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Values o f 10*Fobs and 10*Fcalc Page 2
H K L Fobs Fcalc SigF H K L Fobs Fcalc SigF H K L Fobs Fcalc SigF H K L Fobs Fcalc SigF
11 -20 234 193 37 2 0 12 909 1073 8 2 4 12 1459 1257 13 2 8 2 815 980 13
11--19 367 316 26 2 0 14 765 937 9 2 4 13 454 446 24 2 8 3 649 719 14
11 -17 570 528 49 2 0 16 818 1067 9 2 4 15 353 362 25 2 8 4 438 498 19
11--17 546 528 46 2 0 IB 222 195 17 2 4 17 193 275 27 2 8 5 386 398 23
11 -16 473 438 40 2 0 20 672 928 11 2 4 IB 326 312 29 2 8 6 454 427 21
11--15 500 581 41 2 0 24 304 328 24 2 4 20 442 442 30 2 8 7 415 341 21
11 -13 428 435 34 2 2-24 227 262 30 2 4 22 485 489 33 2 8 8 324 414 26
11--10 302 275 23 2 2-21 351 358 25 2 4 23 229 325 29 2 8 9 628 631 17
11 -9 372 267 36 2 2 -18 541 642 15 2 4 24 419 393 39 2 8 10 425 513 22
11 -8 311 299 32 2 2--16 298 481 20 2 4 26 231 271 34 2 8 11 392 477 26
11 -7 544 609 27 2 2 -15 300 389 20 2 6-23 728 729 33 2 8 12 756 790 18
11 -6 479 590 27 2 2-•14 321 285 17 2 6-21 781 756 26 2 8 15 453 418 31
11 -5 508 526 23 2 2 -12 490 769 11 2 6-19 194 165 32 2 8 18 229 186 29
11 -4 813 842 21 2 2- 11 201 229 16 2 6-18 212 39 19 2 8 19 429 372 40
11 -3 508 510 26 2 2 -10 377 406 10 2 6-16 574 576 22 2 8 20 753 650 37
11 -2 951 1070 19 2 2 -8 231 271 12 2 6-15 570 618 20 2 10- 21 397 428 42
11 -1 454 428 28 2 2 -7 429 654 7 2 6-14 779 767 16 2 10-21 349 428 38
11 0 445 410 28 2 2 -6 226 28 10 2 6-12 380 336 23 2 10- 19 830 709 37
11 2 344 417 20 2 2 -5 1826 1350 4 2 6-11 750 680 15 2 10- 19 723 708 39
11 3 309 389 35 2 2 -4 2573 2237 4 2 6-10 979 1010 13 2 10- 17 604 562 39
11 5 245 295 19 2 2 -3 1648 1928 4 2 6 -9 237 159 22 2 10- 16 418 375 26
11 7 254 196 35 2 2 -2 752 769 6 2 6 -8 184 167 16 2 10-16 471 375 36
11 8 334 401 28 2 2 -1 1596 750 5 2 6 -7 1242 1402 10 2 10- 15 260 231 25
11 9 338 265 27 2 2 0 1063 1467 5 2 6 -6 1568 1593 9 2 10- 13 384 343 34
11 10 319 301 31 2 2 1 722 769 6 2 6 -5 766 531 10 2 10- 10 234 204 19
11 11 418 402 40 2 2 2 1623 2058 5 2 6 -4 1346 1312 9 2 10 -9 428 448 28
11 12 473 552 38 2 2 3 3915 3393 5 2 6 -3 168 94 16 2 10 -7 281 237 31
11 13 505 521 37 2 2 5 1428 1715 6 2 6 -2 606 521 10 2 10 -5 249 66 25
11 14 293 224 25 2 2 6 129 252 21 2 6 -1 769 760 9 2 10 -4 243 287 20
11 15 499 524 47 2 2 7 371 428 13 2 6 0 240 256 18 2 10 -2 279 209 25
11 17 504 486 36 2 2 8 182 82 16 2 6 1 952 1109 9 2 10 -1 321 341 27
11 19 341 284 42 2 2 9 261 304 21 2 6 2 753 754 10 2 10 0 509 510 19
13--17 383 330 33 2 2 10 255 178 23 2 6 3 526 572 12 2 10 1 138 38 23
13- 17 278 330 33 2 2 11 981 825 11 2 6 4 239 283 21 2 10 2 972 982 15
13-•15 331 302 53 2 2 12 431 453 18 2 6 5 290 76 23 2 10 3 307 251 25
13- 13 305 256 36 2 2 13 701 664 14 2 6 6 784 751 12 2 10 4 866 903 16
13 -6 568 503 42 2 2 14 261 258 17 2 6 7 545 558 15 2 10 6 1300 1308 17
13 -4 790 766 32 2 2 15 464 510 19 2 6 8 911 891 13 2 10 7 333 371 31
13 -3 240 169 32 2 2 16 659 675 15 2 6 9 607 563 15 2 10 8 885 970 20
13 -2 484 502 42 2 2 17 236 257 25 2 6 11 705 635 16 2 10 9 227 235 38
13 -1 260 202 40 2 2 19 924 995 15 2 6 12 434 410 22 2 10 10 826 806 21
13 2 626 626 36 2 2 23 397 377 29 2 6 15 430 390 26 2 10 11 242 338 22
13 3 751 717 34 2 4-■25 221 234 31 2 6 16 441 440 28 2 10 13 304 338 31
13 4 533 581 46 2 4- 22 266 258 40 2 6 18 688 658 25 2 10 18 439 368 49
13 5 559 590 43 2 4--21 471 438 28 2 6 19 379 331 34 2 12-•19 339 345 36
13 8 564 569 43 2 4- 19 214 267 32 2 6 21 560 570 37 2 12- 19 274 345 41
13 9 316 204 35 2 4--18 469 452 21 2 6 24 386 352 30 2 12-■17 589 516 37
13 12 384 477 58 2 4- 16 899 882 14 2 6 26 258 300 30 2 12- 17 387 515 31
13 17 338 331 51 2 4--14 1023 970 13 2 8-25 389 434 23 2 12--15 597 671 48
13 17 284 331 28 2 4- 13 534 515 17 2 8-23 773 719 40 2 12- 15 732 671 43
IS -9 419 533 39 2 4--12 1188 1070 11 2 8-23 629 719 47 2 12--13 485 485 42
15 -6 279 318 43 2 4- 10 19B6 1909 9 2 8-21 852 770 32 2 12- 10 551 590 39
IS -1 335 299 43 2 4 -9 843 722 10 2 8-18 302 346 35 2 12 -9 325 262 35
15 3 276 206 41 2 4 -8 531 497 10 2 8-17 235 206 21 2 12 -8 417 417 37
IS 7 460 487 35 2 4 -7 212 75 18 2 8-15 416 393 32 2 12 -3 177 140 24
15 8 267 326 43 2 4 -6 357 421 10 2 8-14 398 322 30 2 12 -2 331 293 27
2 0-28 201 258 26 2 4 -3 150 311 8 2 8-13 612 609 22 2 12 -1 188 151 29
2 0- 26 500 547 33 2 4 -2 1462 1088 5 2 8-12 444 536 27 2 12 0 198 337 23
2 0-24 708 816 21 2 4 -1 210 162 14 2 8-11 641 682 19 2 12 1 429 579 29
2 0-22 760 942 16 2 4 0 1355 1422 6 2 8-10 822 837 17 2 12 2 217 304 21
2 0-20 981 1099 12 2 4 1 213 239 15 2 8 -9 692 583 18 2 12 3 701 912 22
2 0- 18 579 818 12 2 4 2 330 105 11 2 8 -8 484 505 19 2 12 4 449 627 31
2 0- 14 291 215 12 2 4 3 704 485 8 2 8 -7 515 420 IB 2 12 5 418 450 30
2 0 -6 713 176 4 2 4 4 143 146 15 2 8 -6 271 213 26 2 12 6 402 423 38
2 0 -4 910 993 5 2 4 5 252 79 16 2 8 -5 638 530 14 2 12 7 228 242 26
2 0 -2 4661 6620 6 2 4 6 823 888 9 2 8 -4 267 360 21 2 12 9 419 389 47
2 0 4 2617 2793 5 2 4 7 406 280 15 2 8 -2 280 366 21 2 12 10 378 367 40
2 0 6 338 269 10 2 4 8 1019 843 10 2 8 -1 181 51 23 2 12 12 380 421 36
2 0 8 472 549 8 2 4 9 441 459 18 2 8 0 269 307 23 2 12 13 320 451 51
2 0 10 208 83 16 2 4 10 476 529 17 2 8 1 487 435 16 2 12 15 532 481 46
D11
H K L Fobs Fcalc SigF H K L Fobs Fcalc SigF
2 14 -9 599 658 53 3 3 4 429 557 10
2 14 -8 354 326 42 3 3 5 1450 1418 7
2 14 -6 386 512 53 3 3 6 555 573 10
2 14 -3 244 2B7 36 3 3 7 567 396 11
2 14 11 359 312 36 3 3 8 793 714 11
3 1-24 649 687 28 3 3 9 985 825 11
3 1-21 274 493 43 3 3 10 312 252 22
3 1-20 1069 1229 14 3 3 11 776 596 14
3 1-18 537 584 15 3 3 12 1650 1539 12
3 1-16 227 275 18 3 3 13 363 333 26
3 1-15 347 259 15 3 3 14 638 561 17
3 1-14 194 294 20 3 3 15 456 472 23
3 1-13 227 202 17 3 3 16 633 643 18
3 1-12 162 30 18 3 3 18 302 392 22
3 1-11 536 366 8 3 3 19 758 742 21
3 1-10 615 735 7 3 3 20 560 575 26
3 1 -9 286 212 10 3 3 22 270 257 18
3 1 -8 365 60 8 3 3 24 433 370 34
3 1 -7 439 347 7 3 3 26 199 245 29
3 1 -6 1088 1581 5 3 5-25 327 335 29
3 1 -5 1523 692 5 3 5-22 379 325 43
3 1 -3 2219 1750 5 3 5-21 322 350 37
3 1 -2 4579 3573 5 3 5-20 429 393 32
3 1 0 1169 1927 6 3 5-1 8 320 357 32
3 1 1 1046 702 6 3 5-16 756 732 17
3 1 2 5200 5014 13 3 5-14 598 487 17
3 1 3 314 226 15 3 5-12 541 544 17
3 1 4 2995 3201 6 3 5-11 484 470 18
3 1 5 451 396 11 3 5-10 2300 2162 10
3 1 6 1691 1735 7 3 5 -8 1829 2057 9
3 1 7 1326 1266 8 3 5 -7 404 270 14
3 1 8 1758 1792 8 3 5 -6 1597 1743 8
3 1 9 322 208 17 3 5 -4 1199 1723 8
3 1 10 903 992 10 3 5 -2 279 412 15
3 1 12 726 814 12 3 5 -1 503 586 10
3 1 13 394 394 17 3 5 0 1540 1988 7
3 1 14 756 764 12 3 5 2 682 738 9
3 1 15 387 389 18 3 5 3 158 254 16
3 1 16 929 1021 12 3 5 5 199 101 14
3 1 17 347 352 21 3 5 6 1351 1254 10
3 1 18 240 284 24 3 5 7 170 55 20
3 1 19 778 859 15 3 5 8 245 174 25
3 1 20 582 633 18 3 5 9 243 158 20
3 1 21 367 445 26 3 5 10 350 314 21
3 1 22 209 224 29 3 5 11 965 932 13
3 1 26 183 186 23 3 5 12 361 362 24
3 3 -2 8 214 177 33 3 5 13 201 102 25
3 3-23 436 390 33 3 5 14 814 805 16
3 3-21 369 383 28 3 5 15 3B4 267 27
3 3-19 249 331 33 3 5 18 304 268 29
3 3-18 302 343 20 3 5 19 741 765 24
3 3-16 497 505 17 3 5 22 710 648 32
3 3-14 680 742 13 3 5 24 732 639 32
J 3-13 363 431 18 3 5 26 416 424 31
3 3-12 239 190 17 3 7 -2 5 489 459 40
3 3-11 1196 1282 9 3 7-23 523 467 42
3 3-10 1979 2139 8 3 7-23 366 467 41
3 3 -9 261 283 16 3 7-21 241 218 29
3 3 -8 809 604 8 3 7-1 5 1116 1151 17
3 3 -7 376 227 10 3 7-14 490 491 25
3 3 -6 1467 1256 6 3 7-1 3 925 1050 17
3 3 -5 1754 1597 5 3 7-1 2 319 235 30
3 3 -4 1047 603 6 3 7-11 250 131 23
3 3 -3 727 306 6 3 7-10 516 606 19
3 3 -2 214 150 14 3 7 -9 238 123 30
3 3 -1 2525 3328 5 3 7 -8 675 558 15
3 3 0 787 323 6 3 7 -7 194 54 24
3 3 1 392 93 8 3 7 -6 758 905 13
3 3 2 1230 1196 6 3 7 -5 507 443 15
3 3 3 830 841 7 3 7 -4 404 375 17
K L Fobs Fcalc SigF H K I Fobs Fcalc SigF
7 -3 509 583 14 3 11 0 360 301 27
7 -2 512 227 15 3 11 1 264 168 30
7 -1 855 810 11 3 11 4 315 299 33
7 0 520 452 14 3 11 5 498 549 33
7 1 751 746 12 3 11 7 908 911 25
7 3 1367 1342 11 3 11 9 235 218 25
7 4 473 600 18 3 11 11 529 485 35
7 5 930 907 13 3 11 13 466 469 39
7 6 180 125 26 3 11 15 564 563 36
7 7 321 285 24 3 11 17 284 284 28
7 9 37B 342 20 3 13-17 4B6 429 34
7 10 225 194 25 3 13-15 375 351 31
7 12 370 327 24 3 13-15 324 351 35
7 14 223 254 20 3 13-13 618 497 34
7 15 562 559 23 3 13-13 665 497 52
7 19 759 755 30 3 13-12 271 195 38
7 21 444 379 35 3 13-10 488 502 52
9-23 404 367 47 3 13 -9 414 359 34
9-23 334 367 54 3 13 -5 297 302 34
9-21 386 314 25 3 13 -3 625 650 35
9-21 319 314 29 3 13 -2 717 830 33
9-20 542 344 45 3 13 -1 461 408 42
9-19 470 523 33 3 13 0 490 487 40
9-19 453 523 23 3 13 1 776 835 31
9-17 530 495 35 3 13 2 492 502 37
9-17 527 496 36 3 13 3 681 725 38
9-15 457 461 34 3 13 4 580 628 42
9-13 855 906 21 3 13 5 424 388 38
9-13 898 907 21 3 13 6 806 794 40
9-12 358 227 27 3 13 8 696 643 46
9-12 252 227 38 3 13 10 543 438 40
9-11 521 529 25 3 13 14 416 419 43
9-10 358 266 27 3 15-10 428 481 36
9 -9 659 730 20 3 15 -3 664 646 47
9 -8 258 198 24 3 15 -1 352 306 42
9 -7 354 281 26 3 15 4 347 404 56
9 -6 355 366 25 4 0-2 8 401 525 49
9 -5 267 206 22 4 0-26 197 84 32
9 -3 261 100 27 4 0-24 877 908 23
9 -2 183 223 26 4 0-20 986 1145 14
9 -1 308 262 26 4 0-18 185 320 13
9 0 189 148 15 4 0-14 238 110 18
9 1 447 352 21 4 0-12 641 827 9
9 2 721 763 17 4 0 -8 637 992 7
9 4 343 345 29 4 0 -6 1543 1692 6
9 5 274 256 27 4 0 -4 3906 3358 6
9 9 145 85 23 4 0 2 3005 3412 5
9 10 312 318 23 4 0 4 954 1156 8
9 11 231 289 25 4 0 6 439 482 12
9 12 473 483 26 4 0 8 224 146 13
9 13 483 520 26 4 0 12 1701 1744 10
9 15 516 575 31 4 0 14 773 842 12
9 16 277 273 42 4 0 16 988 1158 11
9 17 386 279 35 4 0 18 644 766 13
9 IB 488 374 42 4 0 20 371 385 18
9 19 286 242 33 4 0 22 197 216 29
9 20 321 295 48 4 0 26 128 200 IB
9 22 255 271 37 4 2-29 431 507 35
11-19 445 387 50 4 2-27 337 357 46
11-17 379 415 27 4 2-21 364 432 25
11-15 643 567 39 4 2-20 656 692 18
11-15 520 567 45 4 2-18 209 244 19
11-13 568 648 38 4 2-1 7 302 312 23
11-11 230 172 31 4 2-16 247 153 20
11-10 467 533 34 4 2-14 691 629 12
11 -9 214 182 30 4 2-13 183 285 13
11 -7 353 363 33 4 2-12 599 625 11
11 -5 281 263 25 4 2-11 110 89 14
11 -2 431 421 27 4 2-10 950 992 8
11 -1 220 164 30 4 2 -9 601 764 9
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D12
4 2 -8 856 861 7 4 4 22 313 327 26
4 2 -6 111 243 14 4 4 24 526 508 3B
4 2 -5 121 170 10 4 4 26 194 228 30
4 2 -4 1934 2199 5 4 6-26 333 332 28
4 2 -3 2054 2190 5 4 6-25 632 574 45
4 2 -2 3939 3771 5 4 6-2 3 515 519 46
4 2 -1 1194 1057 5 4 6-20 588 553 30
4 2 0 2848 2749 5 4 6-17 529 441 25
4 2 1 178 107 11 4 6-16 599 613 22
4 2 2 1012 1315 6 4 6-15 475 469 24
4 2 3 622 607 8 4 6-14 518 444 21
4 2 4 342 470 12 4 6-13 419 315 23
4 2 5 271 236 16 4 6-12 638 567 17
4 2 6 1763 1908 8 4 6-11 284 182 28
4 2 7 720 791 10 4 6-10 375 294 21
4 2 8 2056 2096 9 4 6 -9 758 688 14
4 2 7 1191 1119 10 4 6 -8 635 715 14
4 2 10 927 955 12 4 6 -7 911 1053 12
4 2 11 520 483 16 4 6 -6 184 143 18
4 2 12 1471 1374 12 4 6 -5 1762 1803 9
4 2 14 1125 1038 13 4 6 -4 565 654 13
4 2 15 620 567 18 4 6 -3 643 618 12
4 2 16 968 951 15 4 6 -2 152 221 12
4 2 17 430 479 24 4 6 -1 733 636 11
4 2 18 830 817 17 4 6 0 502 774 13
4 2 20 1083 1064 17 4 6 1 507 446 14
4 2 21 383 412 33 4 6 2 725 705 12
4 2 24 232 120 30 4 6 3 564 406 14
4 2 26 254 272 28 4 6 5 458 444 17
4 4-27 393 408 47 4 6 6 1457 1356 11
4 4-25 540 497 43 4 6 8 910 926 13
4 4-23 810 726 27 4 6 9 196 191 17
4 4-21 497 469 30 4 6 10 363 295 20
4 4-18 475 422 24 4 6 11 213 263 21
4 4-17 277 268 26 4 6 12 441 523 20
4 4-16 277 201 25 4 6 13 280 273 22
4 4-15 305 266 25 4 6 16 292 262 34
4 4-14 455 477 18 4 6 17 464 355 27
4 4-13 389 388 19 4 6 19 1000 916 24
4 4-12 195 82 20 4 6 22 560 543 42
4 4-11 445 387 16 4 6 24 368 390 41
4 4-10 485 499 14 4 8-25 373 407 61
4 4 -9 1607 1369 9 4 8-25 342 407 50
4 4 -7 1490 1294 8 4 8-24 413 321 50
4 4 -6 407 567 12 4 8-24 365 321 52
4 4 -5 1496 1298 7 4 8-2 3 342 318 44
4 4 -3 371 428 11 4 8-23 416 317 44
4 4 -2 648 953 8 4 8-19 256 191 35
4 4 -1 2116 1981 6 4 8-19 216 191 30
4 4 0 1180 782 6 4 8-17 361 315 38
4 4 1 326 405 12 4 8-16 231 164 36
4 4 2 287 324 14 4 8-1 5 931 813 20
4 4 3 900 1006 8 4 8-15 802 812 23
4 4 4 914 737 8 4 8-14 421 359 31
4 4 5 734 759 10 4 8-13 440 475 28
4 4 6 1624 1578 9 4 8-1 2 998 1022 17
4 4 7 563 652 13 4 8-11 67B 711 20
4 4 8 1804 1799 10 4 8-10 1186 1175 15
4 4 9 716 519 13 4 8 -9 471 343 22
4 4 10 496 531 16 4 8 -8 469 463 22
4 4 11 508 514 17 4 8 -7 1019 939 14
4 4 12 353 355 22 4 8 -6 712 509 16
4 4 13 303 268 23 4 8 -5 939 903 14
4 4 14 434 465 21 4 8 -4 1010 965 14
4 4 15 301 274 29 4 8 -3 700 751 15
4 4 16 235 227 17 4 8 -2 446 386 19
4 4 18 507 524 26 4 8 -1 486 382 19
4 4 19 645 610 25 4 8 0 113B 1094 13
4 4 20 441 446 36 4 B 1 377 119 23
4 4 21 375 362 35 4 8 2 628 645 17
• • n *- i uwa I k«l(i uiy. 1 IV i. ruus nan. aiyr
4 8 3 312 245 22 5 1-26 591 481 43
4 8 5 525 465 20 5 1-25 330 445 49
4 8 7 141 158 23 5 1-24 515 516 38
4 8 9 534 597 19 5 1-23 415 402 36
4 8 10 450 555 22 5 1-22 264 242 38
4 8 11 182 249 27 5 1-20 815 804 17
4 8 12 164 133 23 5 1-18 283 276 23
4 8 17 302 294 23 5 1-17 220 295 14
4 B 18 921 942 27 5 1-16 146 n o 16
4 8 19 248 292 34 5 1-15 169 177 21
4 8 22 495 449 41 5 1-14 595 628 13
4 10-23 257 241 36 5 1-13 231 188 21
4 10-22 276 381 44 5 1-12 822 857 10
4 10-21 34B 314 31 5 1-11 1037 1129 9
4 10-20 614 485 53 5 1-10 722 668 9
4 10-20 451 485 43 5 1 -9 962 1059 8
4 10-19 581 466 49 5 1 -8 665 615 9
4 10-18 952 825 35 5 1 -7 355 239 12
4 10-18 848 825 37 5 1 -6 328 214 12
4 10-17 402 404 22 5 1 -5 1512 1390 6
4 10-16 543 501 42 5 1 -4 1491 2004 6
4 10-16 535 500 42 5 1 -3 3186 3023 5
4 10-15 298 321 23 5 1 -2 1891 1905 5
4 10-15 276 320 42 5 1 0 975 950 6
4 10-14 505 483 37 5 1 1 886 980 6
4 10-14 547 483 34 5 1 2 399 431 9
4 10-13 272 270 37 5 1 3 1644 1544 6
4 10-13 370 270 20 5 1 4 793 810 8
4 10 -9 390 402 30 5 1 5 1106 1115 8
4 10 -8 38B 409 30 5 1 6 1115 1183 9
4 10 -6 344 324 32 5 1 7 1021 770 10
4 10 -5 353 354 30 5 1 8 725 604 12
4 10 -4 345 381 31 5 1 9 1123 993 11
4 10 -3 354 364 28 5 1 10 920 708 12
4 10 -1 237 110 28 5 1 12 1382 1250 12
4 10 0 784 853 19 5 1 14 857 824 14
4 10 1 287 204 25 5 1 15 414 375 20
4 10 3 312 276 32 5 1 16 567 634 17
4 10 5 240 101 26 5 1 17 578 595 17
4 10 6 396 330 34 5 1 18 454 493 20
4 10 7 397 343 34 5 1 19 400 439 23
4 10 9 749 822 24 5 1 21 341 357 28
4 10 10 476 490 31 5 1 24 324 290 32
4 10 11 568 627 28 5 1 26 228 321 23
4 10 12 464 526 33 5 3-27 277 372 36
4 10 14 531 589 30 5 3-2 5 532 493 46
4 10 18 412 422 38 5 3-22 412 382 36
4 12-19 610 508 49 5 3-20 576 583 23
4 12-19 439 508 30 5 3-18 346 290 23
4 12-17 764 649 41 5 3-17 372 305 23
4 12-17 602 648 55 5 3-16 398 365 22
4 12-15 581 501 52 5 3-15 658 686 16
4 12-15 560 502 33 5 3-14 853 863 13
4 12-13 633 597 43 5 3-13 685 547 14
4 12-13 593 597 46 5 3-12 907 872 12
4 12-11 280 224 35 5 3-11 684 615 12
4 12-11 271 224 39 5 3-10 259 312 21
4 12 -6 284 288 31 5 3 -9 681 734 11
4 12 -3 262 232 34 5 3 -8 1404 1629 8
4 12 0 543 596 35 5 3 -7 1158 944 8
4 12 2 710 715 30 5 3 -6 578 507 9
4 12 5 371 292 41 5 3 -5 979 1139 7
4 12 9 541 475 50 5 3 -4 421 453 10
4 12 10 539 547 49 5 3 -3 368 349 11
4 14-11 358 400 38 5 3 -2 879 1021 7
4 14 -9 320 339 35 5 3 -1 445 75 9
4 14 -8 571 591 41 5 3 0 837 913 7
4 14 -6 382 395 27 5 3 1 384 473 10
4 14 5 625 498 46 5 3 2 652 596 8
4 16 -3 380 480 50 5 3 3 1064 1056 7
D13
Values of 10'Fobs and 10*Fcalc Page S
H K L Fobs Fcalc SigF H K L Fobs Fcalc SigF
5 3 4 412 251 12 5 7-15 536 456 24
S 3 5 1197 1350 8 5 7-15 523 456 24
5 3 6 507 409 12 5 7-14 235 51 35
5 3 7 1186 1121 9 5 7-1 3 147 108 24
5 3 B 931 742 11 5 7-12 342 124 26
5 3 9 1592 1423 10 5 7-11 325 303 28
5 3 11 219 91 20 5 7-10 303 115 28
5 3 12 126 159 19 5 7 -9 252 300 20
5 3 13 288 231 19 5 7 -8 401 358 21
5 3 14 881 818 15 5 7 -7 578 487 17
5 3 15 556 531 19 5 7 -6 438 466 19
5 3 16 430 417 23 5 7 -5 1120 1187 12
5 3 17 964 970 17 5 7 -4 760 628 14
5 3 19 255 288 38 5 7 -3 474 328 18
5 3 20 705 628 25 5 7 -2 874 675 13
5 3 22 358 300 26 5 7 -1 601 649 15
5 3 23 241 186 37 5 7 0 1266 1129 12
5 3 24 231 208 26 5 7 1 741 616 15
5 3 26 229 320 19 5 7 2 1109 1077 13
5 5-27 426 409 37 5 7 3 201 166 14
5 5-25 379 431 38 5 7 4 713 718 15
5 5-23 945 816 31 5 7 5 266 228 26
5 5-22 568 597 41 5 7 6 864 821 14
5 5-21 391 397 38 5 7 7 355 318 23
5 5-20 285 326 33 5 7 10 435 415 19
5 5-19 506 532 29 5 7 11 674 692 16
5 5-18 333 280 28 5 7 12 230 282 22
5 5-17 287 343 26 5 7 13 452 494 22
5 5-16 688 699 19 5 7 15 171 161 21
5 5-15 147 107 23 5 7 18 513 521 30
5 5-14 768 647 16 5 7 19 543 577 36
5 5-13 350 267 24 5 7 22 436 368 34
5 5-12 349 213 23 5 9-2 5 419 476 43
5 5-11 190 115 14 5 9-25 324 475 51
5 5-10 339 90 21 5 9-22 506 401 53
5 5 -9 387 360 18 5 9-22 545 401 34
5 5 -8 1765 1637 10 5 9-21 613 521 51
5 5 -7 743 495 11 5 9-21 604 520 40
5 5 -6 1371 1244 9 5 9-19 819 835 37
5 5 -5 886 941 10 s 9-19 725 834 41
5 5 -4 918 699 9 5 9-18 426 328 35
5 5 -3 295 383 17 5 9-18 405 328 24
5 5 -2 1488 1236 8 5 9-17 827 804 31
5 5 -1 1239 1082 8 5 9-17 831 803 29
5 5 1 1019 984 9 5 9-15 606 647 30
5 5 2 1046 1078 9 5 9-15 635 648 29
5 5 3 350 364 16 5 9-1 2 209 149 20
5 5 4 1582 1441 9 5 9-11 399 483 32
5 5 5 1083 946 11 5 9-11 426 483 29
5 5 6 908 791 11 5 9-10 297 244 31
5 5 7 219 106 21 5 9-1 0 392 245 28
S 5 8 394 365 18 5 9 -9 384 322 28
5 5 9 545 537 14 5 9 -7 354 338 28
5 5 10 183 137 15 5 9 -6 362 280 26
5 5 11 468 478 17 5 9 -5 667 570 18
5 5 13 IBS 127 18 5 9 -3 924 935 16
5 5 14 497 563 19 5 9 -2 310 222 30
5 5 16 527 515 22 5 9 -1 431 307 25
5 5 18 754 742 24 5 9 0 1196 1175 15
5 5 19 517 527 33 5 9 1 408 296 27
5 5 20 404 331 37 5 9 2 693 655 20
S 5 22 463 447 40 5 9 3 318 223 26
S 5 24 494 487 34 5 9 4 656 632 21
5 7-23 528 433 48 5 9 5 258 62 29
5 7-20 469 502 44 5 9 7 208 13 20
5 7-20 475 502 41 5 9 8 486 461 26
5 7-19 484 408 35 5 9 9 283 321 28
5 7-17 633 673 27 5 9 10 829 878 19
5 7-16 554 406 27 5 9 11 296 273 24
5 7-16 516 405 27 5 9 12 350 337 31
H K L Fobs Fcalc SigF H K L Fobs Fcalc SigF
5 9 13 495 532 27 6 0 -4 282 255 16
5 9 16 292 271 32 6 0 -2 1668 1096 7
5 9 18 656 727 34 6 0 0 926 929 8
5 11-18 596 511 25 6 0 2 1291 1324 7
5 11-18 456 511 43 6 0 4 215 56 19
5 11-17 334 316 31 6 0 6 913 893 10
5 11-17 399 316 48 6 0 8 1090 1052 11
5 11-16 547 388 39 6 0 10 202 119 22
5 11-16 422 388 42 6 0 12 843 863 13
5 11-15 323 265 39 6 0 14 968 1028 13
5 11-15 286 265 30 6 0 24 452 445 24
5 11 -9 179 190 28 6 2-24 492 279 32
5 11 -7 460 400 29 6 2-2 2 322 179 27
5 11 -5 318 268 35 6 2-20 532 605 24
5 11 -3 424 455 32 6 2-19 402 423 26
5 11 -2 277 181 27 6 2-18 327 222 26
5 11 -1 712 760 24 6 2-17 378 346 24
5 11 1 982 990 22 6 2-1 6 380 395 23
5 11 2 320 370 34 6 2-15 854 901 14
5 11 4 414 404 34 6 2-14 1313 1316 12
5 11 5 233 117 27 6 2-1 3 889 824 13
5 11 6 578 644 36 6 2-12 1563 1620 11
5 11 7 303 225 29 6 2-11 166 48 18
5 11 8 811 690 30 6 2-10 257 108 20
5 11 10 745 813 32 6 2 -9 1271 1284 9
5 11 11 264 314 36 6 2 -8 1136 1206 9
5 11 14 346 372 36 6 2 -7 552 552 10
5 11 16 428 443 38 6 2 -6 1203 1539 8
5 11 18 311 406 34 6 2 -5 4421 4651 6
5 13-17 450 484 66 6 2 -4 2030 2318 6
5 13-15 313 347 38 6 2 -3 1645 2112 6
5 13-13 342 296 35 6 2 -2 1105 802 6
5 13-12 262 332 43 6 2 -1 857 621 7
5 13-12 297 332 48 6 2 0 789 994 7
5 13-11 423 495 59 6 2 1 592 558 8
5 13-11 559 495 50 6 2 2 439 351 10
5 13-10 549 469 49 6 2 3 1069 1174 8
5 13-10 466 468 57 6 2 4 1391 1458 8
5 13 -9 677 609 43 6 2 5 159 261 13
5 13 -9 600 609 47 6 2 6 1685 1507 9
5 13 -8 897 848 36 6 2 7 335 265 20
5 13 -7 612 619 43 6 2 8 1441 1285 11
5 13 -6 497 444 38 6 2 9 920 775 13
5 13 -2 338 372 30 6 2 10 1092 998 12
5 13 -1 534 517 44 6 2 11 450 386 19
5 13 1 765 723 38 6 2 12 991 970 13
5 13 3 564 535 52 6 2 13 330 310 25
5 13 5 348 272 33 6 2 14 818 765 15
5 13 6 541 517 49 6 2 15 190 161 21
5 13 7 485 361 50 6 2 16 878 889 16
5 13 10 526 482 43 6 2 17 432 418 25
5 13 11 371 289 52 6 2 18 895 945 18
5 13 12 479 432 49 6 2 20 529 558 26
5 15-13 408 426 46 6 2 21 238 274 20
5 15-11 580 470 50 6 2 22 427 382 35
5 15-11 400 469 64 6 4-27 517 428 37
5 15 -8 385 324 32 6 4-2 5 447 434 61
5 15 8 463 449 70 6 4-24 571 411 43
6 0-2 8 630 589 42 6 4-22 365 275 33
6 0-26 247 247 38 6 4-2 0 466 412 31
6 0-24 421 401 40 6 4-19 246 221 23
6 0-22 222 125 34 6 4-18 174 69 29
6 0-2 0 636 701 18 6 4-17 609 621 20
6 0-18 304 233 22 6 4-1 6 464 471 23
6 0-16 288 257 20 6 4-15 358 269 26
6 0-14 1027 1102 11 6 4-14 331 127 25
6 0-1 2 243 147 21 6 4-13 201 52 15
6 0-10 2362 2553 9 6 4-12 246 99 26
6 0 -8 1685 1782 7 6 4-11 190 144 13
6 0 -6 281 55 16 6 4-10 445 234 17
D14
vdiue* ot iu*rou5 ana iu*rcaic Page 6
H K L Fobs Fcalc SigF H K L Fobs Fcalc SigF H K L Fobs Fcalc SigF H K L Fobs Fcalc SigF
6 4 -9 513 511 14 6 8-18 260 296 38 6 12-11 680 717 39 7 3-2 0 394 340 29
6 4 -8 934 831 11 6 8-1 7 383 343 22 6 12-11 734 717 38 7 3-19 431 486 29
6 4 -7 520 572 13 6 8-17 358 344 25 6 12-10 288 318 27 7 3-17 491 391 24
6 4 -6 706 777 10 6 8-14 381 280 35 6 12 -8 232 308 37 7 3-1 6 593 571 20
& 4 -5 523 653 11 6 8-14 363 279 32 6 12 -5 197 176 32 7 3-15 394 422 25
6 4 -4 228 57 19 6 8-13 352 427 33 6 12 -3 302 269 23 7 3-14 381 225 24
6 4 -3 236 80 19 6 8-13 378 427 31 6 12 -1 490 596 40 7 3-13 184 113 15
6 4 -2 1356 1793 8 6 B-12 537 553 23 6 12 1 828 837 31 7 3-12 252 99 23
6 4 -1 289 233 16 6 8-12 577 554 23 6 12 5 429 462 58 7 3-11 309 315 25
6 4 0 359 163 13 6 8-11 960 1013 17 6 12 6 517 464 50 7 3-10 427 352 IB
6 4 1 291 155 15 6 8-11 885 1012 18 6 12 7 444 368 41 7 3 -9 301 148 21
6 4 2 1606 1976 8 6 8 -9 920 1020 16 6 12 12 349 347 29 7 3 -8 380 111 17
6 4 3 339 387 15 6 8 -8 370 341 26 6 14-12 311 371 49 7 3 -7 183 273 22
& 4 4 960 983 9 6 8 -8 379 341 27 6 14-11 276 294 45 7 3 -6 1576 1602 9
6 4 5 966 1118 10 6 8 -7 364 337 24 6 14-11 352 294 37 7 3 -5 837 991 9
6 4 b 851 956 11 6 8 -7 316 336 29 6 14 -2 367 371 36 7 3 -4 1922 1946 8
& 4 7 1192 1362 10 6 8 -6 209 189 21 6 14 -1 519 421 60 7 3 -3 808 981 9
& 4 9 365 321 19 6 8 -5 828 826 16 6 14 0 735 711 40 7 3 -2 269 249 17
& 4 10 375 404 19 6 8 -4 419 375 23 6 14 1 667 561 58 7 3 -1 568 590 10
6 4 11 140 42 20 6 8 -3 378 371 25 6 14 2 764 752 54 7 3 0 221 72 19
6 4 12 375 395 20 6 B -2 361 356 28 6 14 3 794 683 58 7 3 1 679 753 10
6 4 13 375 406 22 6 8 -1 624 580 19 6 14 4 916 853 56 7 3 2 798 575 9
6 4 14 539 518 18 6 8 0 811 779 17 6 14 5 796 675 64 7 3 3 309 295 17
6 4 15 275 164 19 6 8 1 295 59 24 6 14 6 776 725 66 7 3 4 882 699 10
6 4 16 202 140 20 6 8 3 264 51 32 6 14 7 505 395 45 7 3 5 172 168 23
6 4 20 302 214 24 6 8 4 359 440 30 6 16 -5 291 36B 39 7 3 6 431 308 16
& 4 22 704 582 32 6 8 5 260 68 21 7 1-28 332 325 34 7 3 7 1155 1166 11
6 4 24 436 392 40 6 8 7 252 249 30 7 1-24 226 150 29 7 3 8 962 901 12
6 6-27 338 344 nc£J 6 8 8 551 463 21 7 1-20 282 122 27 7 3 10 1003 997 13
6 6-25 319 345 38 6 8 9 187 197 26 7 1-19 271 292 17 7 3 11 434 533 21
6 6-23 606 579 45 6 8 10 636 693 19 7 1-18 276 124 29 7 3 12 1529 1530 12
6 6-22 458 354 33 6 8 11 309 338 29 7 1-16 266 101 27 7 3 13 345 309 25
6 6-21 420 389 45 6 8 12 349 339 27 7 1-15 717 686 15 7 3 14 591 576 18
6 6-19 354 329 40 6 8 13 546 562 21 7 1-14 327 196 23 7 3 15 496 486 22
& 6-17 246 214 31 6 8 16 737 765 23 7 1-13 291 195 24 7 3 16 495 453 22
6 6-14 193 133 21 6 8 18 459 529 40 7 1-12 895 845 12 7 3 17 398 429 29
6 6-12 381 376 24 6 8 20 516 495 40 7 1-10 826 778 11 7 3 18 921 952 20
6 6-11 793 858 15 6 10-17 391 359 41 7 1 -9 277 310 21 7 3 20 420 334 27
6 6-10 321 110 25 6 10-17 378 360 39 7 1 -8 636 510 10 7 3 21 481 433 34
& 6 -9 820 614 14 6 10-15 249 289 38 7 1 -6 261 189 17 7 3 22 327 317 42
6 6 -8 759 509 14 6 10-15 276 289 31 7 1 -5 1412 1481 7 7 3 24 300 296 26
6 6 -7 232 156 21 6 10-14 350 298 41 7 1 -4. 487 666 9 7 5 -2 5 609 499 50
6 6 -6 943 737 12 6 10-14 245 297 40 7 1 -3 1221 880 6 7 5-2 2 441 417 35
& 6 -5 710 740 13 6 10-11 373 269 21 7 1 -2 180 82 14 7 5-21 329 315 29
& 6 -4 320 64 21 6 10-11 296 269 34 7 1 -1 520 429 9 7 5-1 9 290 188 26
b 6 -3 1207 954 11 6 10-10 368 424 24 7 1 0 366 389 12 7 5-1 8 363 306 29
6 6 -2 472 362 16 6 10-10 399 425 36 7 1 1 911 1127 8 7 5-17 398 402 30
& 6 -1 361 293 19 6 10 -9 404 426 34 7 1 2 130 336 11 7 5 -1 6 298 165 24
6 6 0 327 69 21 6 10 -9 490 426 27 7 1 3 188 27 18 7 5-1 5 388 358 26
6 6 1 1245 1079 11 6 10 -8 372 413 25 7 1 4 829 899 9 7 5-14 476 437 22
6 6 2 956 942 12 6 10 -7 792 787 20 7 1 5 340 261 17 7 5-1 3 344 219 27
6 6 3 532 543 16 6 10 -6 451 456 27 7 1 6 557 431 14 7 5 -1 2 294 314 26
6 6 4 1273 1309 12 6 10 -5 656 692 23 7 1 7 1996 1647 10 7 5-11 232 151 27
6 6 5 370 419 22 6 10 -3 425 457 30 7 1 8 814 681 13 7 5 -1 0 687 543 15
6 6 6 1129 1041 12 6 10 -2 288 263 31 7 1 9 848 758 13 7 5 -9 1480 1536 11
6 6 7 175 21B 27 6 10 -1 578 539 25 7 1 10 1180 1033 13 7 5 -8 293 90 25
6 6 8 383 480 21 6 10 0 184 193 27 7 1 11 772 787 14 7 5 -7 1570 1404 11
& 6 9 470 547 IB 6 10 1 592 595 26 7 1 12 399 402 20 7 5 -6 1026 1037 11
6 6 11 238 194 26 6 10 3 279 149 35 7 1 14 835 819 15 7 5 -5 454 566 15
6 6 12 279 284 26 6 10 4 481 377 30 7 1 16 437 439 23 7 5 -4 684 522 12
b 6 13 425 411 20 6 10 8 543 480 30 7 1 17 211 218 18 7 5 -3 1263 1058 10
b 6 14 364 423 24 6 10 9 B22 793 25 7 1 18 572 581 21 7 5 -2 754 707 11
b 6 16 225 187 21 6 10 10 210 214 30 7 1 20 510 512 27 7 5 -1 857 849 11
b 6 18 262 226 25 6 10 12 872 924 24 7 1 22 777 718 23 7 5 0 387 450 16
b 6 21 217 220 32 6 10 18 328 323 32 7 I  24 481 558 31 7 5 1 1026 1059 10
b 6 22 310 271 32 6 12-19 395 398 35 7 3-27 275 310 45 7 5 2 705 898 12
b 8-23 274 264 42 6 12-17 538 478 46 7 3-25 437 388 34 7 5 3 511 449 14
b 8-22 572 474 57 6 12-17 464 47B 31 7 3-24 284 243 30 7 5 4 513 598 15
b 8-22 548 474 54 6 12-15 774 842 49 7 3-22 297 286 24 7 5 5 337 294 20
b 8-18 311 297 36 6 12-15 883 842 44 7 3-21 475 475 33 7 5 6 569 633 15
D15
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K L Fobs Fcalc SigF H K L Fobs Fcalc SigF H K L Fobs Fcalc SigF H K L Fobs Fcalc SigF
5 7 466 377 17 7 9 -B 180 148 20 8 0-22 267 81 34 8 4-17 206 195 26
5 8 716 709 14 7 9 -7 685 773 19 8 0-20 404 405 28 8 4-16 331 272 30
S 10 871 1012 13 7 9 -7 680 774 21 8 0-18 350 85 26 8 4-15 638 579 20
5 12 1025 1161 13 7 9 - 6 205 125 23 8 0-16 355 240 25 a 4-14 378 248 27
5 13 4 BO 535 20 7 9 -5 1236 1337 16 8 0-14 571 507 IB 8 4-13 482 469 21
5 14 421 438 21 7 9 -4 197 97 22 8 0-12 1287 1093 12 8 4-12 401 268 24
5 16 355 469 29 7 9 -3 525 503 23 B 0-10 1552 1642 9 8 4-11 1190 1126 13
5 17 456 466 27 7 9 -2 1409 1358 16 8 0 -8 503 595 14 8 4-10 399 429 21
5 19 429 391 38 7 9 -1 808 785 20 8 0 -6 792 1079 10 8 4 -9 330 237 23
5 22 477 432 41 7 9 0 877 908 18 8 0 -4 1095 1347 8 8 4 -8 417 253 19
7-25 418 420 43 7 9 1 343 247 27 8 0 2 B60 784 10 B 4 -7 553 403 15
7-25 417 419 27 7 9 2 346 367 34 8 0 4 824 739 10 8 4 -6 272 95 23
7-22 537 358 43 7 9 3 436 443 27 8 0 6 1640 1584 10 8 4 -5 1017 1084 11
7-22 469 358 30 7 9 4 283 249 37 8 0 8 203 207 21 8 4 -4 2167 2121 9
7-17 204 203 23 7 9 5 454 394 29 8 0 10 1328 1274 12 8 4 -3 593 594 13
7-15 552 607 25 7 9 7 287 233 24 8 0 12 372 378 22 8 4 -2 1116 909 10
7-15 504 607 28 7 9 8 187 259 30 8 0 14 494 536 19 8 4 -1 699 826 12
7-14 393 347 30 7 9 9 982 1049 20 8 0 16 474 431 21 8 4 0 910 861 11
7-14 371 347 31 7 9 10 272 323 26 8 0 22 646 627 24 8 4 1 1280 1107 10
7-13 606 587 21 7 9 11 477 486 29 8 0 24 386 488 30 8 4 2 1023 882 11
7-13 588 586 22 7 9 12 793 886 22 8 2-26 458 348 42 8 4 3 1752 1592 10
7-12 407 197 25 7 9 13 456 490 31 8 2-25 625 477 49 a 4 4 1436 1337 11
7-12 371 197 29 7 9 15 357 498 41 8 2-24 257 194 33 8 4 5 829 630 12
7-11 698 616 18 7 9 16 449 521 36 8 2-23 506 460 42 8 4 6 322 268 22
7-11 701 616 16 7 9 19 283 328 30 8 2-22 399 289 39 8 4 7 1006 939 12
7-10 239 66 20 7 11-22 411 391 31 8 2-20 366 247 27 8 4 8 249 205 25
7 -9 572 523 18 7 11-22 316 391 28 8 2-19 201 149 24 8 4 9 348 293 22
7 -9 590 523 18 7 11-21 435 401 28 a 2-18 215 76 18 8 4 11 718 823 15
7 -8 671 536 16 7 11-20 529 410 38 8 2-17 612 635 20 8 4 12 724 789 16
7 -8 616 535 IB 7 11-20 456 410 62 8 2-16 418 315 24 8 4 13 635 664 17
7 -7 835 819 15 7 11-18 710 681 54 8 2-15 767 635 17 8 4 14 354 370 25
7 -6 536 510 18 7 11-18 798 682 48 8 2-14 532 451 19 8 4 16 193 218 18
7 -5 901 787 14 7 11-17 407 339 48 8 2-13 390 436 23 8 4 17 589 624 24
7 -4 313 152 27 7 11-17 399 339 38 8 2-12 620 550 17 8 4 18 490 457 30
7 -3 1626 1553 12 7 11-16 767 731 45 8 2-11 1504 1308 12 8 4 19 349 377 37
7 -2 1670 1672 12 7 11-16 791 731 42 8 2-10 367 178 21 8 4 21 342 298 31
7 -1 606 622 18 7 11-15 628 568 47 8 2 -9 236 123 IB 8 4 22 280 301 32
7 0 770 607 15 7 11-15 565 567 49 8 2 -8 413 288 16 8 4 24 257 317 29
7 1 1048 B78 14 7 11-14 287 252 31 8 2 -7 911 1000 10 8 6-25 516 392 53
7 2 1263 1132 14 7 11-11 625 638 35 8 2 -6 1284 1486 9 8 6-23 646 537 47
7 3 397 257 24 7 11-11 698 639 30 8 2 -5 366 105 15 8 6-2 2 561 521 47
7 4 1089 1034 14 7 11-10 320 284 25 8 2 -4 1796 2035 8 a 6-21 482 318 45
7 5 240 80 30 7 11 -9 260 261 25 8 2 -3 1394 1545 8 8 6-21 412 318 49
7 6 502 459 20 7 11 -8 184 115 29 8 2 -2 272 351 18 8 6-1 8 437 373 31
7 7 708 684 17 7 11 -7 516 562 33 8 2 0 1072 1095 9 8 6-1 8 410 373 35
7 8 812 835 16 7 11 -6 535 561 31 8 2 1 292 419 17 8 6-17 537 447 28
7 9 514 509 19 7 11 -6 588 561 28 B 2 2 627 527 11 8 6-17 49B 447 29
7 10 712 808 16 7 11 -5 733 679 25 8 2 3 375 448 16 8 6-1 6 263 335 41
7 11 192 233 20 7 11 -4 308 382 30 8 2 4 237 192 22 8 6 -1 6 290 335 23
7 16 321 360 34 7 11 -1 723 729 28 8 2 5 703 760 12 8 6-1 5 295 420 25
7 17 399 401 32 7 11 0 593 570 34 8 2 6 877 749 12 8 6-14 521 505 23
7 19 382 391 35 7 11 1 415 418 36 8 2 7 2367 2101 11 8 6-13 299 270 29
7 20 578 572 35 7 11 3 316 253 47 8 2 8 45B 343 19 8 6-1 2 262 216 24
9-23 385 389 51 7 11 6 232 65 36 8 2 10 211 124 28 8 6-10 172 227 22
9-23 415 389 28 7 1 1 7 584 489 40 8 2 11 711 667 15 8 6 -9 651 550 16
9-22 384 300 32 7 11 11 374 452 48 8 2 12 172 122 16 8 6 -9 641 549 16
9-22 328 300 42 7 13-15 381 494 49 8 2 14 561 530 18 8 6 -8 334 290 25
9-21 432 411 39 7 13-15 409 493 30 8 2 15 293 316 25 8 6 -7 629 636 16
9-21 415 411 43 7 13-13 478 308 51 8 2 16 367 331 28 8 6 -6 315 192 24
9-19 692 696 45 7 13-11 449 548 73 8 2 18 977 928 19 a 6 -5 221 76 20
9-19 712 695 41 7 13-10 B51 821 44 8 2 20 256 218 25 8 6 -4 305 141 25
9-17 597 562 38 7 13-10 751 821 47 8 2 22 260 195 33 8 6 -3 1206 1158 12
9-17 615 562 40 7 13 -8 296 338 33 8 2 24 374 392 33 8 6 -2 619 538 15
9-16 409 417 26 7 13 8 499 380 51 8 4-27 648 530 42 8 6 -1 863 763 13
9-16 445 417 40 7 13 12 438 513 42 8 4-26 421 325 30 8 6 0 320 151 24
9-11 431 474 29 7 15-10 333 348 34 8 4-25 375 318 45 8 6 1 1114 1130 12
9-11 442 474 28 7 15 3 33B 399 52 8 4-23 333 34B 35 8 6 2 1045 903 13
9 -9 258 352 38 8 0-28 485 403 48 8 4-22 252 250 41 8 6 3 296 247 25
9 -9 270 352 35 8 0-26 534 355 51 8 4-21 522 512 35 8 6 4 1433 1419 12
9 -8 150 149 23 8 0-24 297 146 22 8 4-19 822 755 22 8 6 5 173 88 16
■D16
H K L Fobs Fcalc SigF H K L Fobs Fcalc SigF H K L Fobs Fcalc SigF H K L Fobs Fcalc SigF
B 4 4 1014 1011 13 8 10 -9 242 210 30 9 1-12 1019 849 14 9 3 20 473 452 37
8 4 7 372 394 23 8 10 -7 377 348 25 9 1-11 1171 1099 12 9 3 21 347 345 42
8 4 8 797 7B5 15 8 10 -7 342 349 34 9 1-10 1185 1170 11 9 3 22 238 243 25
8 4 9 244 277 20 8 10 -4 190 174 25 9 1 -9 1042 912 11 9 3 24 218 317 23
8 4 10 411 712 14 8 10 -5 543 471 28 9 1 -8 2278 2339 9 9 5-24 434 281 33
8 4 12 341 410 24 B 10 -2 944 971 21 9 1 -7 4B1 317 14 9 5-2 3 544 471 45
8 4 13 302 322 27 8 10 -1 824 980 23 9 1 -4 1430 1508 9 9 5-21 307 245 41
8 4 15 290 270 24 8 10 0 335 347 34 9 1 -5 144 105 14 9 5-20 511 552 37
8 4 17 245 224 35 8 10 1 780 772 24 9 1 -4 1114 975 10 9 5-19 489 498 38
8 4 19 243 244 21 8 10 2 478 483 34 9 1 -3 390 274 15 9 5-1 8 997 9B5 22
8 4 20 304 289 43 8 10 3 570 595 30 9 1 -2 340 314 17 9 5-1 7 241 288 28
8 4 21 302 293 38 8 10 8 740 779 29 9 1 -1 393 429 13 9 5-1 5 185 141 24
8 B-24 439 543 57 8 10 10 375 423 33 9 1 0 1541 1445 8 9 5-14 272 299 21
8 8-24 574 542 44 8 10 11 429 591 33 9 1 2 787 754 11 9 5-12 402 345 25
8 8-21 403 420 38 8 10 12 308 245 28 9 1 4 758 713 12 9 5-11 1141 1140 14
8 8-21 374 420 48 8 10 13 494 427 38 9 1 5 332 304 21 9 5-10 235 208 29
8 8-20 558 491 48 8 10 14 478 484 34 9 1 4 784 447 13 9 5 -9 709 741 14
8 8-20 444 490 34 8 10 15 289 240 31 9 1 8 902 847 14 9 5 -8 471 327 19
8 8-19 711 439 34 8 10 14 795 879 29 9 1 10 443 570 14 9 5 -7 447 341 19
8 8-19 731 440 37 8 12-17 451 339 40 9 1 11 444 589 17 9 5 -4 1009 1002 13
8 8-17 450 458 42 8 12-17 334 339 34 9 1 12 375 397 23 9 5 -5 383 245 21
8 8-17 497 458 34 8 12-15 429 242 45 9 1 15 187 1B0 25 9 5 -4 994 844 13
8 8-14 451 385 38 8 12-14 303 290 34 9 1 17 393 391 30 9 5 -3 352 245 22
8 8-14 449 384 35 8 12-14 291 290 39 9 1 18 520 534 27 9 5 -2 478 421 IB
8 8-15 539 514 30 8 12-13 414 354 25 9 1 19 423 442 32 9 5 -1 774 717 13
8 8-15 548 515 29 8 12-13 554 357 50 9 1 20 271 280 32 9 5 0 441 578 15
8 8-14 482 415 23 8 12-11 499 511 53 9 1 22 419 422 33 9 5 1 258 147 20
8 8-14 475 414 24 8 12-11 544 511 49 9 1 24 345 450 19 9 5 2 325 137 23
8 8-13 292 294 32 8 12-10 918 849 34 9 3-25 394 279 28 9 5 3 225 232 23
8 8-13 289 295 32 8 12-10 840 848 34 9 3-23 733 471 38 9 5 4 3B1 291 21
8 8-11 424 445 28 8 12 -9 533 597 51 9 3-21 287 285 27 9 5 5 359 374 22
B 8-11 445 445 27 8 12 -9 415 598 43 9 3-19 512 4B4 30 9 5 4 228 147 22
8 8-10 309 343 31 8 12 -8 477 451 34 9 3-18 250 243 35 9 5 7 348 333 22
8 B-10 304 344 30 8 12 -8 441 451 37 9 3-17 289 278 27 9 5 8 312 312 24
8 8 -8 254 194 23 8 12 -7 415 399 35 9 3-14 253 224 31 9 5 9 225 231 24
8 8 -7 473 583 24 8 12 -7 351 399 53 9 3-15 444 448 25 9 5 10 590 479 14
8 8 -4 445 407 18 8 12 -4 542 430 34 9 3-14 448 375 24 9 5 11 334 342 23
8 8 -5 717 448 18 8 12 -5 344 317 30 9 3-13 748 707 17 9 5 12 407 505 21
8 8 -4 594 480 20 8 12 -4 412 332 32 9 3-12 429 228 23 9 5 20 385 351 32
8 8 -3 1312 1299 15 8 12 -3 294 293 38 9 3-11 2012 1932 12 9 7-2 5 440 719 42
8 8 -2 877 880 17 8 12 -2 470 422 44 9 3-10 37B 334 23 9 7-2 5 479 718 57
8 8 -1 721 435 18 8 12 -1 824 775 34 9 3 -9 359 422 22 9 7-21 437 549 44
8 8 0 274 148 22 8 12 1 491 428 43 9 3 -8 1347 1479 11 9 7-21 457 548 44
8 8 1 948 842 14 8 12 4 344 319 35 9 3 -7 1471 1245 11 9 7-2 0 422 394 25
8 8 2 449 444 19 8 12 5 314 215 47 9 3 -4 1014 994 11 9 7-20 545 394 42
8 8 3 528 434 23 8 12 7 379 310 34 9 3 -5 1149 1100 10 9 7-1 8 314 307 29
8 8 4 207 132 34 8 12 8 434 400 32 9 3 -4 733 440 12 9 7-18 314 307 27
8 8 4 394 349 28 8 12 9 9B4 923 40 9 3 -3 740 443 12 9 7-1 4 21B 213 30
8 8 7 249 175 27 8 14-15 390 440 59 9 3 -2 438 447 12 9 7-14 257 214 24
8 8 9 180 204 23 8 14-15 334 440 30 9 3 -1 1009 940 11 9 7-1 3 149 117 25
8 8 11 308 338 29 8 14-13 287 354 41 9 3 0 424 497 13 9 7-1 2 145 57 21
8 8 14 471 547 29 8 14-13 321 353 35 9 3 1 498 444 15 9 7-11 184 218 18
8 8 15 284 270 32 8 14-10 284 303 44 9 3 2 1505 1411 10 9 7-11 185 217 18
B 8 14 421 739 27 8 14 -9 448 432 29 9 3 3 180 214 24 9 7 -1 0 149 175 22
8 8 18 354 338 30 8 14 -9 341 431 43 9 3 4 824 784 13 9 7 -9 445 471 22
8 8 20 222 244 33 8 14 -8 359 249 41 9 3 5 447 412 14 9 7 -8 211 244 15
8 10-21 341 328 34 8 14 -8 359 249 35 9 3 4 477 528 18 9 7 -7 418 454 24
8 10-21 350 328 45 8 14 3 430 514 59 9 3 7 279 270 22 9 7 -4 215 150 30
8 10-19 470 433 50 9 1-28 343 323 32 9 3 8 323 398 25 9 7 -4 525 445 20
8 10-19 439 432 45 9 1-24 484 557 48 9 3 9 140 145 21 9 7 - 3 451 471 21
8 10-17 487 434 47 9 1-24 542 532 44 9 3 10 1431 1427 13 9 7 -1 242 172 24
8 10-17 452 434 44 9 1-22 322 205 32 9 3 11 477 455 22 9 7 0 544 547 19
8 10-15 212 78 35 9 1-20 491 702 24 9 3 12 973 1003 15 9 7 1 254 214 27
8 10-13 514 383 31 9 1-19 571 550 24 9 3 13 485 458 21 9 7 2 450 454 23
8 10-13 344 382 39 9 1-18 289 145 20 9 3 14 780 820 18 9 7 3 344 273 25
8 10-12 534 498 35 9 1-17 794 814 18 9 3 15 450 487 19 9 7 4 342 305 24
8 10-12 502 498 37 9 1-14 483 299 23 9 3 14 335 325 31 9 7 5 427 424 24
8 10-11 341 381 43 9 1-15 410 519 18 9 3 17 279 251 30 9 7 4 493 505 21
8 10-11 333 381 25 9 1-14 344 44 27 9 3 18 479 494 25 9 7 7 487 474 22
8 10-10 249 248 19 9 1-13 849 718 15 9 3 19 771 807 25 9 7 8 483 434 22
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H K L Fobs Fcalc SigF H K L Fobs Fcalc SigF H K I Fobs Fcalc SigF H K L Fobs Fcalc SigF
9 7 9 218 79 20 9 13 -9 585 587 58 10 4-19 919 892 25 10 6 14 476 615 24
9 7 11 331 312 29 9 13 -9 663 588 41 10 4-18 401 342 38 10 6 17 271 376 24
9 7 12 434 466 23 9 13 9 388 360 57 10 4-17 801 836 22 10 6 18 483 549 31
9 7 13 280 265 28 9 13 10 374 303 37 10 4-16 362 373 27 10 8-25 546 591 37
9 7 14 544 589 24 9 15 -3 471 503 47 10 4-1 5 241 221 33 10 8-2 5 528 591 46
9 7 15 510 499 26 9 15 -1 557 520 45 10 4-14 588 427 21 10 8-23 341 338 38
9 7 16 342 381 28 9 15 1 755 786 59 10 4-13 B87 877 17 10 8-23 380 338 33
9 7 17 431 426 32 9 15 2 331 426 48 10 4-11 980 988 15 10 8-21 730 643 48
9 7 18 750 796 26 9 15 3 509 608 84 10 4-1 0 303 291 29 10 8-21 780 644 42
9 7 20 226 275 26 10 0-28 429 408 59 10 4 -9 244 102 26 10 8-15 291 193 19
9 9-21 518 466 54 10 0-24 487 436 47 10 4 -B 792 676 15 10 8-1 5 299 193 19
9 9-21 378 465 51 10 0-22 217 232 26 10 4 -7 895 712 14 10 8-14 377 338 30
9 9-18 513 357 40 10 0-20 263 297 16 10 4 -6 787 723 14 10 8-14 334 337 38
9 9-18 393 357 58 10 0-18 358 287 30 10 4 -5 524 525 17 10 8-13 218 245 32
9 9-17 324 359 32 10 0-16 240 58 31 10 4 -4 941 87B 13 10 8-1 2 539 493 26
9 9-17 358 359 34 10 0-14 493 368 20 10 4 -3 273 282 26 10 8-12 519 494 28
9 9-16 786 773 31 10 0-12 398 169 20 10 4 -2 458 363 18 10 8 -9 393 405 27
9 9-16 743 772 34 10 0-10 461 414 18 10 4 -1 320 160 24 10 8 -9 367 406 31
9 9-15 633 663 34 10 0 -8 660 535 14 10 4 0 399 269 20 10 8 -7 412 492 27
9 9-1 5 496 663 43 10 0 -6 1342 1294 10 10 4 1 345 222 22 10 B -7 444 493 27
9 9-14 242 210 24 10 0 -4 1010 865 11 10 4 2 616 550 16 10 8 -6 283 253 33
9 9-13 683 736 27 10 0 -2 276 229 22 10 4 3 258 264 28 10 8 -5 679 736 20
9 9-13 726 736 27 10 0 0 1256 1110 10 10 4 4 351 318 23 10 B -4 740 832 20
9 9-12 618 619 28 10 0 2 2193 2000 10 10 4 5 210 155 20 10 8 -3 1226 1296 16
9 9-12 652 619 27 10 0 4 1634 1400 11 10 4 6 285 264 28 10 8 -1 464 560 25
9 9 -8 169 87 24 10 0 6 656 648 14 10 4 7 760 732 15 10 8 0 569 638 22
9 9 -7 310 323 26 10 0 8 709 570 15 10 4 8 183 25 19 10 8 1 436 431 26
9 9 -7 314 323 30 10 0 10 430 373 22 10 4 9 267 309 27 10 8 2 406 370 27
9 9 -5 310 322 26 10 0 12 176 202 20 10 4 10 1344 1422 14 10 8 4 334 289 30
9 9 -4 195 100 25 10 0 14 456 412 22 10 4 12 948 970 16 10 8 6 335 348 25
9 9 -3 1021 1025 18 10 0 16 333 350 30 10 4 13 583 660 21 10 8 7 246 229 20
9 9 -2 1000 890 19 10 0 18 524 500 25 10 4 14 687 693 20 10 8 8 516 492 26
9 9 0 280 268 29 10 0 20 532 503 30 10 4 15 895 997 19 10 8 9 406 356 31
9 9 1 665 679 24 10 0 22 472 532 31 10 4 16 576 599 26 10 8 10 502 578 28
9 9 3 577 551 26 10 2-22 316 243 35 10 4 18 252 219 28 10 8 14 290 314 26
9 9 6 487 449 31 10 2-21 327 342 28 10 4 19 386 426 30 10 8 17 256 323 34
9 9 10 942 1009 22 10 2-2 0 964 909 22 10 4 20 525 489 33 10 10-21 763 710 50
9 9 14 414 466 32 10 2-19 833 759 21 10 6-27 331 286 32 10 10-21 667 710 57
9 9 16 358 397 27 10 2-18 494 472 28 10 6-27 331 286 34 10 10-19 919 B23 43
9 9 19 241 295 39 10 2-17 521 490 25 10 6-23 293 144 45 10 10-19 814 822 49
9 11-19 462 425 33 10 2-16 231 63 32 10 6-18 278 210 25 10 10-17 390 371 30
9 11-19 600 426 47 10 2-15 507 495 23 10 6-18 297 210 25 10 10-17 407 372 32
9 11-17 402 362 49 10 2-14 286 193 29 10 6-16 292 207 19 10 10-16 302 279 30
9 11-13 708 850 44 10 2-13 889 758 16 10 6-16 268 207 29 10 10-14 472 446 47
9 11-13 798 851 37 10 2-12 324 123 29 10 6-15 680 687 24 10 10-14 433 445 43
9 11-11 612 699 38 10 2-11 515 349 19 10 6-15 646 686 25 10 10-13 616 614 39
9 11-11 578 698 42 10 2-10 756 769 14 10 6-12 153 165 22 10 10-13 573 614 38
9 11-10 382 275 46 10 2 -9 265 350 23 10 6-11 556 642 21 10 10-11 245 193 25
9 11-10 278 275 31 10 2 -8 620 458 15 10 6 -9 573 603 20 10 10-10 336 302 38
9 11 -9 822 838 29 10 2 -7 609 681 14 10 6 -9 623 604 19 10 10-10 285 302 30
9 11 -9 777 837 30 10 2 -6 1106 1035 11 10 6 -8 472 431 21 10 10 -9 570 565 32
9 11 -8 287 248 26 10 2 -5 1035 1091 11 10 6 -7 815 852 16 10 10 - 9 577 564 32
9 11 -7 370 441 43 10 2 -4 867 919 11 10 6 -6 833 756 15 10 10 -8 226 177 31
9 11 -7 413 441 34 10 2 -3 1550 1402 10 10 6 -5 1113 1123 14 10 10 -8 242 177 33
9 11 -4 230 135 32 10 2 -2 585 459 13 10 6 -4 203 59 17 10 10 -7 469 425 33
9 11 -3 358 417 44 10 2 -1 454 684 16 10 6 -3 708 669 16 10 10 -7 406 424 38
9 11 -2 740 840 31 10 2 0 974 948 11 10 6 -2 344 334 25 10 10 -4 404 355 38
9 11 -1 547 613 39 10 2 1 391 294 19 10 6 -1 1082 1034 14 10 10 -3 1233 1297 22
9 11 5 440 345 38 10 2 2 471 441 17 10 6 0 336 228 24 10 10 -2 627 606 31
9 11 6 504 440 37 10 2 3 868 751 13 10 6 1 681 669 16 10 10 -1 339 289 27
9 11 8 299 274 39 10 2 4 520 554 16 10 6 2 368 231 24 10 10 1 301 269 26
9 11 9 1078 1038 33 10 2 6 703 726 15 10 6 3 740 799 15 10 10 3 527 443 37
9 11 10 522 458 50 10 2 7 514 548 IB 10 6 4 207 50 33 10 10 5 642 607 33
9 13-17 403 420 25 10 2 9 585 538 18 10 6 5 354 261 24 10 10 6 619 639 36
9 13-17 362 420 58 10 2 10 371 380 24 10 6 6 663 663 17 10 10 9 923 945 30
9 13-15 483 470 25 10 2 18 411 375 31 10 6 7 774 828 16 10 10 10 238 255 38
9 13-13 712 742 56 10 2 19 73B 713 25 10 6 8 872 1039 15 10 10 14 437 508 36
9 13-13 675 743 59 10 2 20 559 506 31 10 6 10 564 654 19 10 12-13 716 749 51
9 13-11 422 423 56 10 4-21 883 832 30 10 6 11 395 450 24 10 12-13 766 749 47
9 13-11 412 424 41 10 4-20 485 395 36 10 6 12 467 630 22 10 12-12 688 663 45
D18
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H K L Fobs Fcalc SigF H K L Fobs Fcalc SigF H K L Fobs Fcalc SigF H K L Fobs Fcalc SigF
10 12-12 618 663 56 11 3 -5 284 81 26 11 7-17 490 573 40 11 9 15 309 307 38
10 12-11 395 468 63 11 3 -4 854 815 14 11 7-17 552 572 36 11 9 17 336 345 30
10 12-11 415 467 41 11 3 -3 394 341 20 11 7-1 6 276 280 22 11 9 IB 426 543 27
10 12 -9 517 482 44 11 3 -2 290 66 24 11 7-15 709 776 27 11 11-21 319 349 29
10 12 -9 378 481 43 11 3 -1 726 575 14 11 7-15 739 776 26 11 11-20 231 225 41
10 12 -3 601 653 44 11 3 0 505 351 18 11 7-14 638 744 28 11 11-19 297 339 39
10 12 -3 551 653 52 11 3 1 378 336 22 11 7-14 675 745 25 11 11-15 446 571 64
10 12 7 439 409 31 11 3 2 353 338 24 11 7-13 581 618 24 11 11-15 370 572 50
10 12 9 728 680 51 11 3 3 726 692 15 11 7-13 590 618 27 11 11-14 294 194 37
10 12 11 299 284 44 11 3 4 294 134 23 11 7-11 305 326 31 11 11-13 775 801 42
10 14-13 332 328 30 11 3 5 660 518 16 11 7-11 272 327 19 11 11-13 781 801 43
10 14 -8 288 243 45 11 3 6 264 197 23 11 7 -10 286 324 35 11 11-11 682 659 40
10 14 -7 489 397 47 11 3 8 861 829 15 11 7-10 282 324 33 11 11-11 602 658 46
10 14 -6 471 487 76 11 3 9 389 383 26 11 7 -9 500 546 22 11 11-10 334 361 44
10 14 -5 551 510 40 11 3 10 524 572 20 11 7 -9 556 547 22 11 11-10 447 361 41
10 14 -5 553 510 69 11 3 11 427 453 24 11 7 -8 244 211 39 11 11 -9 721 746 36
10 14 -3 336 324 49 11 3 12 171 75 26 11 7 -8 214 211 19 11 11 -9 743 747 37
11 1-23 299 319 43 11 3 16 335 294 34 11 7 -7 595 643 21 11 11 -7 435 396 32
11 1-21 285 282 27 11 3 17 541 558 29 11 7 -6 228 209 16 11 11 -7 406 396 36
11 1-18 199 146 31 11 3 19 383 414 39 11 7 -5 812 799 17 11 11 -4 1196 1023 26
11 1-17 391 348 31 11 3 20 396 402 32 11 7 -4 699 644 18 11 11 -4 1133 1024 28
11 1-16 511 435 23 11 3 21 229 217 31 11 7 -3 577 618 21 11 11 -3 882 926 32
11 1-15 331 257 26 11 5-26 541 434 36 11 7 -2 292 204 24 11 11 -2 759 663 36
11 1-14 326 56 26 11 5-2 5 438 288 47 11 7 -1 814 B23 17 11 11 -1 381 356 32
11 1-13 408 398 22 11 5-24 367 346 39 11 7 0 218 89 22 11 11 0 335 358 56
11 1-12 564 497 18 11 5-22 27B 235 35 11 7 1 290 302 23 11 11 1 675 633 38
11 1-11 217 186 29 11 5-21 316 220 32 11 7 2 265 206 24 11 11 3 455 386 32
11 1-10 418 288 20 11 5-2 0 426 395 49 11 7 3 325 291 29 11 11 4 426 402 48
11 1 -9 688 691 15 11 5-20 430 395 19 11 7 5 527 485 22 11 11 6 500 450 40
11 1 -8 866 710 13 11 5-19 372 323 33 11 7 6 207 94 23 11 11 7 738 747 46
11 1 -7 905 817 13 11 5-18 419 342 31 11 7 8 476 489 24 11 11 9 758 766 44
11 1 -6 925 869 13 11 5-17 220 284 25 11 7 9 432 430 25 11 11 11 415 416 31
11 1 -5 783 749 13 11 5-16 190 14 29 11 7 12 352 353 28 11 13-15 335 349 36
11 1 -4 769 583 13 11 5-16 206 14 23 11 7 13 486 579 29 11 13-13 348 342 37
11 1 -3 900 768 12 11 5-15 473 4B4 31 11 7 14 427 439 31 11 13-11 366 367 34
11 1 -2 628 621 14 11 5-15 511 484 27 11 7 15 443 483 31 11 13 -9 428 470 59
11 1 -1 174 7 28 11 5-14 266 219 26 11 7 16 416 410 35 11 13 -9 527 471 58
11 1 0 251 43 22 11 5-13 529 620 23 11 7 17 225 232 27 11 13 -7 663 719 60
11 1 1 225 274 17 11 5-12 350 349 31 11 7 18 397 440 31 11 13 -7 670 719 60
11 1 2 209 110 IB 11 5-11 647 6B7 19 11 7 20 266 390 19 11 13 7 391 346 56
11 1 3 139 74 20 11 5-10 223 203 23 11 9-23 342 305 33 11 15 -7 306 416 36
11 1 4 527 456 17 11 5 -8 224 196 24 11 9-21 654 528 54 11 15 -5 383 413 30
11 1 5 267 159 15 11 5 -7 183 185 25 11 9-21 572 527 41 11 15 -5 316 413 37
11 1 6 308 274 23 11 5 -6 595 593 19 11 9-19 454 453 56 11 15 -3 277 319 44
11 1 7 192 202 24 11 5 -4 535 409 19 11 9-19 509 454 42 11 15 -1 443 556 33
11 1 8 789 844 15 11 5 -3 18B 300 18 11 9-14 307 382 23 11 15 1 358 421 32
11 1 11 206 192 26 11 5 -2 256 79 31 11 9-14 353 383 20 12 0 -2 2 724 641 31
11 1 12 322 309 25 11 5 -1 283 229 23 11 9-13 432 408 41 12 0 -2 0 253 153 19
11 1 15 239 285 27 11 5 0 554 488 18 11 9-13 341 409 45 12 0-18 352 290 35
11 1 16 355 338 32 11 5 1 481 440 20 11 9-11 196 249 27 12 0-1 6 250 209 20
11 1 17 431 416 31 11 5 2 284 149 29 11 9 -9 352 413 40 12 0-14 269 70 25
11 1 18 290 266 22 11 5 3 933 863 15 11 9 -9 404 413 34 12 0 -1 2 476 519 20
11 1 20 583 537 29 11 5 4 360 276 25 11 9 -8 188 68 25 12 0 -1 0 819 720 14
11 1 22 172 142 23 11 5 5 1208 1158 14 11 9 -7 237 234 19 12 0 -8 395 146 21
11 3-28 413 362 37 11 5 6 717 620 17 11 9 -7 203 234 32 12 0 -6 1415 1473 12
11 3-25 510 406 36 11 5 7 476 406 21 11 9 -5 329 283 34 12 0 -4 347 58 22
11 3-22 326 218 36 11 5 8 934 986 16 11 9 -4 1007 1071 19 12 0 -2 1508 1438 12
11 3-19 199 143 26 11 5 9 435 434 24 11 9 -4 1041 1072 20 12 0 0 844 770 14
11 3-17 275 301 29 11 5 10 579 572 20 11 9 -3 669 642 24 12 0 2 808 816 14
11 3-16 209 151 20 11 5 11 280 227 23 11 9 -1 619 635 25 12 0 4 2060 1901 12
I t 3-15 434 489 27 11 5 12 417 420 27 11 9 1 389 396 36 12 0 6 277 240 18
11 3-14 247 123 15 11 5 13 287 308 21 11 9 2 191 148 25 12 0 8 495 527 20
11 3-13 1414 1267 15 11 5 14 323 358 30 11 9 3 884 851 23 12 0 10 336 376 26
11 3-12 251 135 24 11 5 17 341 463 35 11 9 5 670 698 27 12 0 16 833 801 21
11 3-11 827 735 16 11 7-25 430 380 45 11 9 8 547 631 36 12 0 20 491 466 31
11 3-10 518 374 20 11 7-25 357 380 47 11 9 9 639 664 32 12 0 22 1B1 217 23
11 3 -9 18B 99 17 11 7-23 613 423 60 11 9 11 354 272 26 12 2-24 315 313 45
11 3 -8 1248 1058 13 11 7-23 402 422 64 11 9 12 312 317 40 12 2-2 2 450 452 37
11 3 -7 B93 791 14 11 7-18 305 262 24 11 9 13 495 487 41 12 2-20 467 405 31
11 3 -6 729 611 15 11 7-18 262 262 27 11 9 14 695 708 33 12 2-18 461 520 32
D1 9
rage u
H K L Fobs Fcalc SigF H K L Fobs Fcalc SigF H K L Fobs Fcalc SigF H K L Fobs Fcalc SigF
12 2-17 295 273 25 12 4 18 2B2 311 20 12 8 -8 234 246 24 12 14 -4 406 371 41
12 2-16 337 319 29 12 6-24 424 274 35 12 8 -7 191 127 21 12 14 -3 295 338 47
12 2-14 197 28 26 12 6-24 362 274 60 12 8 -6 256 242 30 12 14 1 328 311 42
12 2-13 390 424 24 12 6-23 491 370 66 12 8 -6 262 242 22 12 14 3 461 527 47
12 2-12 798 763 16 12 6-23 47B 370 71 12 8 -5 307 256 29 13 1-26 439 395 42
12 2-11 432 445 23 12 6-22 331 165 41 12 8 -4 424 470 30 13 1-25 363 344 37
12 2-10 406 294 22 12 6-21 394 286 43 12 8 -2 267 296 39 13 1-22 425 372 38
12 2 -9 666 610 16 12 6-21 373 285 27 12 8 0 355 368 29 13 1-16 451 526 26
12 2 -8 336 224 25 12 6-1 9 419 372 40 12 8 1 433 446 29 13 1-15 221 192 29
12 2 -7 380 486 23 12 6-1 9 486 372 43 12 8 2 566 569 24 13 1-14 286 217 27
12 2 -6 669 583 15 12 6-18 541 567 38 12 8 6 238 259 28 13 1-13 157 38 20
12 2 -5 909 951 14 12 6-18 546 568 40 12 8 7 385 398 34 13 1-12 200 156 26
12 2 -4 603 471 16 12 6-17 662 615 30 12 8 8 925 980 22 13 1-10 461 354 19
12 2 -3 430 360 19 12 6-17 666 616 32 12 8 9 363 351 38 13 1 -9 372 394 22
12 2 -2 533 351 17 12 6-16 591 678 31 12 8 10 325 286 22 13 1 -8 958 962 14
12 2 -1 1203 1102 13 12 6-16 653 679 28 12 8 11 323 344 39 13 1 -7 356 359 24
12 2 0 411 243 21 12 6-15 328 257 35 12 8 13 633 584 28 13 1 -6 497 366 18
12 2 1 524 438 19 12 6-15 335 257 16 12 8 14 244 253 33 13 1 -5 227 155 21
12 2 2 883 769 15 12 6-14 598 666 27 12 8 15 269 232 31 13 1 -4 790 691 15
12 2 3 227 102 27 12 6-14 602 665 27 12 10-21 656 680 52 13 1 -3 405 420 21
12 2 4 249 90 21 12 6-13 407 331 24 12 10-21 624 679 42 13 1 -2 745 675 15
12 2 5 368 341 24 12 6-13 404 331 32 12 10-19 434 431 50 13 1 -1 712 626 15
12 2 7 155 91 25 12 6-1 2 195 105 21 12 10-19 519 431 41 13 1 0 618 494 17
12 2 8 978 1025 15 12 6-11 364 264 31 12 10-15 519 384 51 13 1 1 290 227 24
12 2 9 261 198 21 12 6-11 356 264 32 12 10-15 424 384 49 13 1 2 1009 920 14
12 2 10 737 716 18 12 6 -9 566 614 22 12 10-14 378 336 38 13 1 3 225 37 14
12 2 11 186 234 21 12 6 -9 593 614 21 12 10-14 481 336 40 13 1 4 1401 1319 14
12 2 13 236 321 23 12 6 -7 677 783 19 12 10-13 376 433 29 13 1 5 225 161 18
12 2 15 187 206 30 12 6 -6 233 320 27 12 10-13 427 434 52 13 1 6 735 652 17
12 2 16 423 436 33 12 6 -5 363 439 27 12 10-11 327 350 32 13 1 7 204 217 30
12 2 17 732 783 26 12 6 -4 172 153 25 12 10-11 408 350 36 13 1 8 469 447 22
12 2 18 437 374 32 12 6 -2 308 338 26 12 10-10 381 421 43 13 1 9 232 219 23
12 2 20 464 418 31 12 6 -1 485 464 23 12 10 -8 264 289 24 13 1 10 238 214 18
12 4-27 393 332 45 12 6 0 420 397 25 12 10 -6 226 139 29 13 1 16 714 695 25
12 4-26 584 477 41 12 6 1 152 130 21 12 10 -5 433 577 25 13 1 17 250 279 25
12 4-25 710 648 59 12 6 2 535 566 21 12 10 -5 471 577 41 13 1 20 283 257 33
12 4-24 457 471 56 12 6 5 744 792 18 12 10 -4 983 1017 27 13 3-2 5 398 383 44
12 4-20 202 103 34 12 6 7 298 347 28 12 10 -4 985 1016 25 13 3-23 589 518 49
12 4-18 336 303 33 12 6 8 300 218 28 12 10 -3 359 371 40 13 3-21 355 342 38
12 4-17 573 613 30 12 6 9 620 669 22 12 10 3 352 394 39 13 3-20 508 421 37
12 4-16 446 369 32 12 6 12 205 149 25 12 10 4 746 697 35 13 3-1 8 755 816 27
12 4-14 641 532 22 12 6 13 512 521 29 12 10 5 372 426 43 13 3-17 239 273 23
12 4-13 807 719 19 12 6 14 390 402 36 12 10 6 666 641 38 13 3-16 1011 1007 19
12 4-12 300 164 23 12 6 15 715 719 26 12 10 7 899 883 34 13 3-15 956 1073 19
12 4-11 217 133 17 12 6 16 459 460 36 12 10 9 334 349 46 13 3-14 271 203 34
12 4-10 789 778 17 12 6 17 447 502 38 12 10 11 371 426 42 13 3-13 873 1018 18
12 4 -9 541 508 20 12 6 19 247 278 21 12 12-15 612 593 57 13 3 -1 2 232 45 24
12 4 -8 1314 1249 14 12 6 20 231 362 20 12 12-15 652 594 57 13 3-11 306 326 25
12 4 -7 458 435 21 12 8-23 754 651 53 12 12-13 522 618 64 13 3 -1 0 329 314 28
12 4 -6 148 54 20 12 8-23 670 651 59 12 12-13 640 619 56 13 3 -9 429 443 24
12 4 -4 572 500 IB 12 8-21 446 461 41 12 12-11 780 802 48 13 3 -8 216 26 20
12 4 -3 589 623 18 12 8-21 412 460 34 12 12-11 838 803 46 13 3 -6 450 405 22
12 4 -2 616 620 17 12 8-19 335 385 55 12 12-10 338 350 40 13 3 -5 384 398 24
12 4 -1 B94 821 15 12 8-19 411 385 40 12 12-10 430 351 35 13 3 -4 327 175 26
12 4 0 253 164 26 12 8-18 456 404 44 12 12 -9 B32 741 44 13 3 -3 2B4 332 29
12 4 1 214 46 34 12 8-18 477 403 26 12 12 -9 791 742 48 13 3 -2 777 735 16
12 4 2 266 224 25 12 8-17 232 131 35 12 12 -8 297 226 46 13 3 -1 1198 1068 14
12 4 3 322 330 27 12 8-16 495 470 46 12 12 -7 779 662 44 13 3 0 974 877 15
12 4 4 403 331 23 12 8-16 466 469 37 12 12 -7 676 661 49 13 3 1 948 905 15
12 4 5 319 152 28 12 B-15 539 543 41 12 12 -6 399 384 37 13 3 2 313 162 25
12 4 6 605 495 19 12 8-1 5 607 542 35 12 12 -6 32B 383 32 13 3 4 321 112 28
12 4 7 354 294 28 12 8-14 967 1057 25 12 12 -3 371 323 42 13 3 6 562 530 20
12 4 B 1000 1036 16 12 8-14 1042 1058 25 12 12 -2 407 493 57 13 3 8 725 712 18
12 4 10 431 432 25 12 8-13 199 79 28 12 12 -2 468 493 24 13 3 11 350 378 21
12 4 11 589 644 22 12 8-1 2 339 361 19 12 12 0 408 415 54 13 3 12 350 367 33
12 4 12 604 656 23 12 8-12 284 361 27 12 12 7 664 606 58 13 3 13 275 339 23
12 4 13 780 859 21 12 8-11 615 591 27 12 12 9 337 355 49 13 3 16 262 154 27
12 4 14 707 745 24 12 8-11 529 591 30 ' 12 14 -7 584 624 50 13 3 17 304 291 18
12 4 15 466 523 35 12 8-10 437 483 34 12 14 -7 577 625 26 13 3 20 207 225 20
12 4 16 289 307 27 12 8-10 492 482 28 12 14 -4 447 371 31 13 5-24 536 418 26
D20
Values of 10*Fobs and 10*Fcak Page 12
H K I Fobs Fcalc SigF H K L Fobs Fcalc SigF H K L Fobs Fcalc SigF H K I Fobs Fcalc SigF
13 3-24 583 418 47 13 9-23 511 559 36 14 0 10 231 182 29 14 4 15 336 415 37
13 5-23 440 434 67 13 9-23 400 558 43 14 0 14 662 609 26 14 4 17 343 403 26
13 5-23 533 434 52 13 9-21 550 500 57 14 0 16 317 336 33 14 6 -2 5 278 290 42
13 5-22 407 170 35 13 9-21 454 499 62 14 0 18 400 290 19 14 6-24 361 269 35
13 5-21 343 291 37 13 9-19 375 413 32 14 2-28 350 398 35 14 6 -2 3 467 396 28
13 5-19 592 496 38 13 9-19 393 413 44 14 2-23 428 409 33 14 6 -2 3 397 396 56
13 5-18 260 78 29 13 9-17 293 304 33 14 2-22 294 256 42 14 6 -2 2 613 442 54
13 5-17 943 881 25 13 9-17 299 304 34 14 2-19 448 397 33 14 6-2 2 430 442 39
13 5-17 902 880 25 13 9-15 742 761 38 14 2-18 198 150 25 14 6-2 0 557 490 44
13 5-16 680 730 27 13 9-15 673 760 42 14 2-17 454 492 32 14 6 -2 0 494 490 50
13 5-16 718 730 27 13 9-13 690 656 32 14 2-12 568 570 20 14 6 -1 9 524 548 49
13 5-15 452 380 34 13 9-13 664 656 36 14 2-11 146 75 23 14 6-1 9 518 548 49
13 5-14 268 191 33 13 9-12 662 708 34 14 2-10 800 850 16 14 6-1 8 507 421 44
13 5-13 1230 1245 19 13 9-12 697 709 32 14 2 -9 422 374 23 14 6 -1 8 376 421 37
13 5-12 337 301 29 13 9-11 496 634 41 14 2 -8 723 732 17 14 6 -1 7 465 484 45
13 5-11 522 581 24 13 9-11 631 634 32 14 2 -7 712 636 16 14 6-1 7 546 485 39
13 5-10 67B 645 21 13 9 -7 344 392 26 14 2 -6 471 450 21 14 6-16 304 245 29
13 5 -9 228 277 16 13 9 -7 403 392 38 14 2 -5 466 494 20 14 6-1 6 433 245 40
13 5 -8 529 468 22 13 9 -6 281 183 40 14 2 -4 492 464 20 14 6-1 5 609 596 31
13 5 -7 458 450 23 13 9 -6 285 183 21 14 2 -3 932 1009 15 14 6 -1 5 573 596 32
13 5 -6 181 104 18 13 9 -5 802 872 24 14 2 -2 427 281 22 14 6-1 4 575 530 33
13 5 -5 768 721 17 13 9 -5 760 871 25 14 2 -1 1236 1199 14 14 6 -1 4 536 529 34
13 5 -4 322 243 28 13 9 -4 277 277 29 14 2 0 341 155 27 14 6-13 815 898 26
13 5 -3 522 416 21 13 9 7 594 642 36 14 2 1 355 340 27 14 6 -1 3 790 897 25
13 5 -2 441 409 23 13 9 9 266 276 27 14 2 2 615 587 19 14 6-1 2 480 513 33
13 5 -1 1070 1080 16 13 9 10 392 364 29 14 2 3 213 139 21 14 6-1 2 556 514 29
13 5 1 500 447 23 13 9 11 541 603 42 14 2 4 327 172 29 14 6-11 697 699 24
13 5 3 832 791 17 13 9 12 286 303 34 14 2 6 404 370 28 14 6-11 621 698 26
13 5 5 1041 1007 17 13 9 13 327 299 28 14 2 7 298 272 35 14 6-1 0 385 309 34
13 5 7 349 295 30 13 9 15 188 169 28 14 2 8 829 882 19 14 6 -1 0 450 310 30
13 5 8 593 556 23 13 9 16 23B 297 24 14 2 9 378 273 28 14 6 - 9 676 679 22
13 5 9 380 381 33 13 11-15 670 739 55 14 2 10 241 258 29 14 6 -8 716 732 21
13 5 10 506 419 26 13 11-15 766 740 50 14 2 11 410 443 29 14 6 -8 665 732 21
13 5 11 487 492 30 13 11-14 268 210 42 14 2 12 235 278 25 14 6 -7 973 1058 19
13 5 12 553 581 29 13 11-13 725 599 47 14 2 15 533 496 33 14 6 -6 714 756 20
13 5 13 308 290 29 13 11-13 596 598 58 14 2 16 572 574 33 14 6 -5 815 844 19
13 5 14 729 747 27 13 11-11 498 517 31 14 2 18 375 344 37 14 6 -4 355 383 31
13 5 16 567 549 32 13 11-11 509 517 43 14 2 20 188 181 31 14 6 -3 424 420 28
13 7-23 533 521 36 13 11 -8 371 257 34 14 4-27 323 305 40 14 6 -1 256 248 31
13 7-23 516 520 39 13 11 -8 293 257 31 14 4-24 427 368 48 14 6 1 308 356 28
13 7-16 258 185 27 13 11 -1 495 474 44 14 4-23 358 293 35 14 6 2 420 418 29
13 7-16 308 185 23 13 11 0 493 494 55 14 4-22 380 368 40 14 6 3 531 493 24
13 7-15 286 230 23 13 11 4 414 387 35 14 4-19 254 266 36 14 6 4 283 338 25
13 7-14 525 476 36 13 11 6 410 386 56 14 4-18 195 69 29 14 6 7 206 113 28
13 7-14 524 475 36 13 11 7 806 820 47 14 4-16 334 282 40 14 6 8 390 360 32
13 7-13 771 755 26 13 11 9 396 386 32 14 4-15 340 371 33 14 6 10 590 560 30
13 7-13 728 754 27 13 13-11 519 422 45 14 4-14 278 121 23 14 6 11 411 373 37
13 7-12 528 476 31 13 13-11 480 421 33 14 4-13 412 348 31 14 6 12 413 371 41
13 7-12 467 476 35 13 13 -9 466 394 50 14 4-12 250 188 20 14 6 13 451 445 42
13 7-11 231 208 28 13 13 -9 408 394 51 14 4-11 700 703 20 14 6 15 432 464 38
13 7-10 334 249 35 13 13 -6 288 230 43 14 4-10 539 592 24 14 6 17 327 404 24
13 7-10 290 248 41 13 13 -3 431 299 31 14 4 -9 694 651 19 14 8 -2 3 315 234 52
13 7 -9 632 702 24 13 13 -1 545 480 45 14 4 -8 406 348 24 14 8-20 354 370 36
13 7 -9 660 703 25 13 13 0 458 386 64 14 4 -5 785 809 17 14 8-2 0 349 370 46
13 7 -7 801 857 19 13 13 7 299 357 36 14 4 -4 589 562 21 14 8 -1 8 389 302 37
13 7 -7 B12 85B 20 14 0-28 332 406 30 14 4 -3 180 114 23 14 8 -1 8 318 302 40
13 7 -6 243 251 20 14 0-20 328 2B8 20 14 4 -2 206 16 17 14 8-16 415 274 43
13 7 -5 575 587 24 14 0-18 232 338 30 14 4 -1 600 645 20 14 8 -1 6 238 274 39
13 7 -3 479 477 25 14 0-14 383 550 24 14 4 0 261 209 18 14 8-1 3 506 585 42
13 7 -1 713 759 20 14 0-12 440 594 21 14 4 1 573 557 21 14 8 -1 3 570 586 36
13 7 1 336 374 21 14 0-10 207 236 17 14 4 2 456 396 26 14 8-1 2 321 318 50
13 7 2 612 562 22 14 0 -8 665 704 15 14 4 3 703 669 19 14 8 -1 2 446 318 42
13 7 4 621 733 23 14 0 -6 551 530 18 14 4 4 235 110 27 14 8-11 706 789 29
13 7 7 307 370 22 14 0 -4 441 349 22 14 4 5 1011 1037 17 14 8-11 731 789 29
13 7 8 704 769 24 14 0 -2 570 303 18 14 4 6 542 588 25 14 8 -1 0 540 586 34
13 7 9 474 506 31 14 0 0 458 298 20 14 4 7 279 191 26 14 8 -1 0 529 586 34
13 7 10 447 493 34 14 0 2 959 932 15 14 4 8 453 356 26 14 8 -9 276 284 21
13 7 11 508 506 32 14 0 4 471 419 20 14 4 9 373 310 33 14 8 -9 294 285 19
13 7 13 527 521 33 14 0 6 659 607 19 14 4 10 637 623 24 14 8 -8 222 228 27
13 7 15 214 228 32 14 0 8 242 144 20 14 4 12 347 239 38 14 8 -7 599 589 29
D21
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H K L Fobs Fcalc SigF H K L Fobs Fcalc SigF H K L Fobs Fcalc SigF H K L Fobs Fcalc SigF
14 B -7 594 588 27 15 1 -6 534 512 IB 15 5 -6 475 424 26 15 9 6 297 258 35
14 8 -6 725 735 24 15 1 -5 497 471 19 15 5 -5 362 465 29 15 9 8 332 371 46
14 8 -6 705 736 26 15 1 -4 414 313 22 15 5 -4 249 173 35 15 9 9 309 387 50
14 8 -5 617 675 28 15 1 -3 318 259 24 15 5 -3 303 308 29 15 9 11 300 297 30
14 8 -5 583 674 29 15 1 -2 351 234 25 15 5 -2 283 264 32 15 11-17 463 445 36
14 8 -4 228 248 21 15 1 -1 252 196 31 15 5 1 490 569 27 15 11-17 364 445 48
14 B -2 280 224 32 15 1 0 529 512 20 15 5 2 381 407 34 15 11-15 459 345 44
14 8 3 275 347 26 15 1 1 344 288 27 15 5 3 674 670 23 15 11-15 337 345 45
14 8 6 433 513 39 15 1 2 311 40 18 15 5 5 225 220 21 15 11-13 394 374 39
14 8 7 351 387 36 15 1 3 631 608 20 15 5 6 459 439 30 15 11-13 350 373 32
14 B 9 377 363 40 15 1 4 369 264 29 15 5 7 472 452 31 15 11-11 357 469 50
14 B 11 758 812 32 15 1 5 459 374 25 15 5 8 393 366 33 15 11-11 381 468 40
14 8 13 475 485 42 15 1 6 381 351 33 15 5 9 449 450 37 15 11-10 320 225 37
14 8 15 226 299 23 15 1 7 316 183 27 15 5 10 583 565 32 15 11 -5 460 394 48
14 8 16 399 450 31 15 1 8 295 268 29 15 5 12 613 515 32 15 11 -4 292 254 45
14 10--19 264 185 41 15 1 9 474 487 28 15 5 15 255 235 38 15 11 -2 330 348 31
14 10--17 349 368 48 15 1 10 229 155 20 15 5 16 231 213 32 15 11 -2 373 348 29
14 10--17 345 368 34 15 1 11 299 360 23 15 7-22 378 301 33 15 11 -1 580 492 52
14 10--15 558 568 36 15 1 12 261 249 43 15 7-20 623 602 50 15 11 1 349 290 43
14 10--15 512 568 42 15 1 14 670 714 30 15 7-20 655 603 53 15 11 5 572 547 57
14 10-•13 372 442 26 15 1 15 437 376 38 15 7-19 255 134 40 15 11 7 333 367 47
14 10--13 358 443 56 15 1 16 528 483 35 15 7-18 586 597 45 15 13-11 316 469 37
14 10-■10 582 485 37 15 1 18 414 352 35 15 7-18 578 597 54 15 13 -7 365 388 49
14 10--10 560 485 37 15 3-26 453 499 54 15 7-16 809 889 36 15 13 -7 314 388 40
14 10 -8 468 410 42 15 3-23 384 318 36 15 7-16 741 888 39 15 13 -5 562 636 52
14 10 -8 461 410 45 15 3--22 606 564 41 15 7-14 323 339 34 15 13 -5 622 636 48
14 10 -7 521 519 31 15 3-20 665 642 36 15 7-13 526 598 40 15 13 -3 340 303 38
14 10 -7 494 518 44 15 3--18 659 611 29 15 7-13 504 599 40 15 13 -2 357 382 59
14 10 -6 363 338 29 15 3-■15 246 147 24 15 7-12 522 626 35 15 13 - i 402 406 43
14 10 -6 315 338 29 15 3-■14 489 457 29 15 7-12 579 626 34 16 0-26 361 323 34
14 10 -5 556 653 43 15 3-•13 178 138 25 15 7-10 522 518 32 16 0-24 487 488 40
14 10 -5 650 653 38 15 3--12 175 47 25 15 7-10 544 517 31 16 0-18 203 84 19
14 10 -2 292 265 30 15 3-•11 520 511 24 15 7 -8 295 327 20 16 0-14 415 467 26
14 10 -2 253 265 36 15 3--10 381 354 29 15 7 -8 314 327 32 16 0-12 337 355 25
14 10 1 492 458 42 15 3 -9 3B3 411 30 15 7 -7 175 169 26 16 0-10 288 202 14
14 10 2 614 602 41 15 3 -8 560 509 22 15 7 -5 472 471 30 16 0 -6 748 891 17
14 10 3 815 840 36 15 3 -6 293 104 26 15 7 2 299 276 37 16 0 -4 334 326 28
14 10 4 680 667 41 15 3 -5 300 329 30 15 7 5 584 647 30 16 0 -2 804 824 16
14 10 5 1036 1039 33 15 3 -4 389 366 26 15 7 6 373 382 28 16 0 0 319 137 29
14 10 6 321 263 38 15 3 -3 219 198 20 15 7 8 407 460 35 16 0 2 665 646 18
14 10 7 722 755 44 15 3 -2 311 220 30 15 7 11 598 623 37 16 0 4 332 171 29
14 10 9 416 473 40 15 3 -1 673 571 19 15 7 13 481 434 43 16 0 6 455 428 30
14 12-•15 417 420 45 15 3 1 333 317 30 15 7 15 287 321 25 16 0 8 425 380 40
14 12-■15 344 419 43 15 3 2 343 347 29 15 9-19 322 315 39 16 0 10 423 275 38
14 12-■13 446 449 45 15 3 3 352 298 29 15 9-19 334 315 36 16 0 12 483 424 39
14 12-■13 385 449 32 15 3 4 469 445 27 15 9-17 639 586 53 16 0 14 816 785 29
14 12-•11 683 . 716 57 15 3 5 397 365 29 15 9-17 576 587 47 16 0 16 468 426 42
14 12-■11 784 717 50 15 3 6 771 770 21 15 9-16 268 241 39 16 2-2 5 375 272 58
14 12 -9 646 665 59 15 3 8 492 435 28 15 9-16 333 242 32 16 2-2 0 333 253 30
14 12 -9 732 664 48 15 3 9 370 332 28 15 9-15 581 497 50 16 2-1 8 374 361 41
14 12 -7 324 274 36 15 3 12 335 319 37 15 9-15 551 496 52 16 2-1 6 339 310 35
14 12 -5 563 510 49 15 3 15 247 231 35 15 9-13 483 522 45 16 2-14 508 569 27
14 12 -5 531 510 36 15 3 16 444 489 41 15 9-13 547 522 47 16 2-12 263 217 23
14 12 -1 970 893 45 15 3 17 239 261 24 15 9-12 396 453 27 16 2-10 359 406 28
14 12 -1 1026 894 44 15 3 18 229 269 30 15 9-12 516 454 44 16 2 -8 475 51B 22
14 12 0 646 442 55 15 5-24 408 383 30 15 9-11 262 255 29 16 2 -6 524 513 20
14 12 1 549 491 53 15 5-22 535 480 48 15 9-10 471 511 43 16 2 -5 357 387 27
14 12 2 528 495 33 15 5-2 0 295 279 41 15 9-10 580 511 38 16 2 -4 218 137 30
14 12 4 370 306 42 15 5-■19 284 334 32 15 9 -9 275 218 31 16 2 -3 304 222 25
14 12 5 416 371 40 15 5-■16 231 29 34 15 9 -7 585 661 38 16 2 -2 327 198 29
14 12 7 478 484 30 15 5-•15 269 176 22 15 9 -7 673 661 34 16 2 -1 190 45 21
14 14 -5 351 421 39 15 5-■14 276 225 36 15 9 -6 376 356 37 16 2 0 347 196 27
14 14 -4 369 434 30 15 5- 13 906 995 23 15 9 -6 369 357 38 16 2 2 260 138 35
15 1-■28 415 433 37 15 5-•12 1215 1354 20 15 9 -5 669 727 33 16 2 4 333 199 33
15 1- 19 248 264 24 15 5- 11 575 551 26 15 9 -5 632 726 34 16 2 5 469 471 31
15 1-•16 266 333 28 15 5-•11 550 551 27 15 9 0 251 171 25 16 2 6 956 947 21
15 1- 12 377 433 25 15 5- 10 699 737 23 15 9 2 415 457 40 16 2 7 374 326 32
15 1-■11 316 393 27 15 5 -9 576 530 24 15 9 3 514 468 40 16 2 8 440 425 36
15 1- 10 387 463 23 15 5 -8 333 259 32 15 9 4 745 723 33 16 2 10 324 306 28
15 1 -8 440 429 20 15 5 -7 202 185 26 15 9 5 412 509 38 16 2 11 190 164 30
D22
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H K L Fobs Fcalc SigF H K L Fobs Fcalc SigF H K L Fobs Fcalc SigF H K L Fobs Fcalc SigF
16 2 12 293 244 27 16 8-15 652 571 47 17 1 8 742 682 29 17 7 -9 1066 1210 26
16 2 14 239 167 28 16 8-13 571 487 43 17 1 9 377 389 39 17 7 -8 303 176 38
16 2 18 293 255 24 16 8-13 525 486 28 17 1 12 353 349 54 17 7 -8 292 176 38
16 4-24 338 340 46 16 8-1 2 289 202 31 17 1 14 514 541 44 17 7 -7 1089 1098 24
16 4-23 448 426 58 16 8-11 843 862 32 17 1 16 351 272 32 17 7 -7 1010 1097 25
16 4-22 302 176 35 16 8-11 902 863 30 17 3-24 304 378 39 17 7 -6 362 296 31
16 4-21 425 387 32 16 8-1 0 267 321 33 17 3-20 585 644 45 17 7 -5 517 582 36
16 4-18 300 282 44 16 8 -9 884 922 27 17 3-18 338 359 29 17 7 -4 268 50 32
16 4-16 508 463 34 16 8 -9 858 923 30 17 3-15 354 367 35 17 7 -3 493 485 38
16 4-15 1061 1169 24 16 8 -8 716 743 32 17 3-14 282 239 38 17 7 -3 515 485 35
16 4-14 1099 1207 22 16 8 -8 668 742 32 17 3-13 523 608 30 17 7 -1 510 520 38
16 4-10 256 118 29 16 8 -7 921 877 28 17 3-12 346 320 33 17 7 10 320 279 48
16 4 -9 414 346 29 16 8 -7 832 876 29 17 3-10 722 803 22 17 7 11 272 182 39
16 4 -8 437 454 29 16 8 -6 580 676 39 17 3 -9 320 289 29 17 7 13 273 322 27
16 4 -5 218 151 18 16 8 -6 652 676 31 17 3 -8 634 683 23 17 9-17 497 462 48
16 4 -4 329 267 26 16 8 -5 528 630 37 17 3 -7 322 271 30 17 9-15 543 547 49
16 4 -3 343 229 32 16 8 -5 646 631 31 17 3 -6 522 503 26 17 9-15 670 548 45
16 4 -2 189 41 28 16 8 -3 314 225 22 17 3 -5 332 291 34 17 9-12 686 557 45
16 4 0 318 261 29 16 8 -1 443 467 40 17 3 -4 208 278 31 17 9-12 599 556 52
16 4 1 766 760 21 16 8 0 203 170 31 17 3 -3 638 690 23 17 9-11 273 271 35
16 4 2 442 429 30 16 8 1 422 433 43 17 3 -2 387 342 32 17 9-10 452 462 51
16 4 3 1079 1105 20 16 8 3 318 329 40 17 3 -1 299 291 32 17 9-10 456 462 28
16 4 4 412 337 31 16 8 6 473 489 39 17 3 1 597 537 25 17 9 -9 554 502 35
16 4 6 628 678 28 16 B 9 348 383 36 17 3 2 317 418 47 17 9 -9 473 501 35
16 4 7 684 669 27 16 8 11 368 434 42 17 3 3 937 854 22 17 9 -8 255 179 42
16 4 8 182 108 30 16 8 13 294 347 29 17 3 5 269 252 32 17 9 -7 585 708 47
16 4 10 241 185 31 16 10-17 603 624 54 17 3 7 1125 1025 23 17 9 -7 711 708 39
16 4 11 593 598 35 16 10-17 612 624 55 17 3 11 617 557 36 17 9 -5 436 457 49
16 4 13 464 419 40 16 10-15 597 592 52 17 3 13 568 491 37 17 9 -5 548 457 42
16 4 15 334 383 28 16 10-15 599 593 56 17 3 14 359 320 38 17 9 -2 300 315 31
16 6-24 451 387 47 16 10-13 696 676 50 17 5-1B 542 514 47 17 9 1 445 415 35
16 6-24 347 386 32 16 10-13 667 676 50 17 5-18 547 514 41 17 9 2 382 435 47
16 6-22 468 515 74 16 10-12 311 159 47 17 5-16 680 670 35 17 9 3 609 647 46
16 6-22 677 515 53 16 10-11 608 588 50 17 5-15 231 146 28 17 9 4 417 384 32
16 6-2 0 490 403 35 16 10-11 647 589 48 17 5-13 485 538 38 17 9 5 595 526 45
16 6-20 446 402 40 16 10 -9 327 314 28 17 5-12 402 453 36 17 9 7 552 622 46
16 6-18 426 358 22 16 10 -7 350 311 52 17 5-10 640 743 28 17 9 11 212 357 26
16 6-18 403 358 34 16 10 -7 359 311 40 17 5 -9 504 576 32 17 11-14 320 341 42
16 6-17 293 296 48 16 10 -4 251 154 32 17 5 -8 370 323 29 17 11 -9 317 260 42
16 6-16 B34 850 32 16 10 -2 296 296 43 17 5 -7 958 1018 22 17 11 -7 309 229 35
16 6-16 805 851 35 16 10 -2 364 296 36 17 5 -6 505 474 30 17 11 -3 617 555 54
16 6-15 441 512 40 16 10 5 349 361 53 17 5 -5 635 705 26 17 11 -3 611 555 50
16 6-15 497 513 22 16 12-13 448 499 27 17 5 -4 610 679 26 17 11 -1 394 378 35
16 6-14 575 508 36 16 12-13 328 498 46 17 5 -3 711 705 24 17 11 1 381 398 34
16 6-14 564 508 36 16 12-11 524 594 58 17 5 -2 320 275 25 17 11 3 631 615 46
16 6-13 414 414 34 16 12-11 626 594 52 17 5 -1 349 316 33 17 11 5 476 427 38
16 6-13 400 415 34 16 12 -4 339 404 39 17 5 0 348 343 35 17 11 7 269 424 34
16 6-12 287 159 23 16 12 -4 378 404 40 17 5 1 428 373 35 18 0-26 406 371 26
16 6-12 222 159 37 16 12 -3 369 383 35 17 5 3 259 261 24 18 0-2 4 742 586 52
16 6-11 269 369 40 16 12 -1 481 435 66 17 5 5 271 179 22 IB 0 -2 2 312 249 32
16 6-11 349 369 22 16 12 5 330 429 28 17 5 8 506 499 40 18 0 -2 0 218 143 29
16 6-10 412 318 37 17 1-24 391 415 58 17 5 13 396 401 34 18 0-18 303 347 20
16 6-10 380 317 35 17 1-18 291 208 47 17 5 15 334 430 35 18 0-16 366 360 26
16 6 -9 533 534 29 17 1-16 445 577 30 17 7-20 603 640 56 18 0-14 393 521 31
16 6 -7 532 576 29 17 1-14 381 356 30 17 7-20 550 639 52 18 0-12 266 303 36
16 6 -6 360 346 31 17 1-10 419 523 25 17 7-18 746 807 46 18 0 -8 445 531 23
16 6 -5 534 535 28 17 1 -8 693 851 18 17 7-18 783 808 44 18 0 -6 256 211 13
16 6 0 252 251 23 17 1 -7 296 337 25 17 7-16 578 564 49 IB 0 -2 268 282 29
16 6 1 367 438 36 17 1 -6 397 464 24 17 7-16 520 564 51 18 0 0 281 329 30
16 6 2 284 24 B 31 17 1 -5 299 248 28 17 7-15 380 425 37 IB 0 2 202 143 19
16 6 3 348 340 34 17 1 -3 278 241 22 17 7-15 432 426 35 18 0 4 472 483 28
16 6 5 399 395 34 17 1 -2 195 103 29 17 7-14 376 357 51 IB 0 8 1169 1046 28
16 6 6 235 323 34 17 1 -1 188 271 26 17 7-14 396 357 36 18 0 10 331 189 26
16 6 7 263 229 24 17 1 0 223 139 26 17 7-12 357 357 27 18 0 12 725 698 42
16 6 8 492 516 40 17 1 1 377 380 29 17 7-12 354 358 38 18 0 14 608 616 42
16 6 10 443 425 44 17 1 2 266 168 37 17 7-11 803 831 32 18 0 16 263 267 25
16 6 12 478 398 43 17 1 3 399 423 33 17 7-11 763 830 32 18 2-22 347 337 37
16 8-23 253 290 35 17 1 4 648 557 26 17 7-10 452 336 44 18 2-20 395 391 33
16 8-16 337 235 30 17 1 6 953 932 24 17 7-10 448 336 41 18 2-15 614 686 32
16 8-15 573 571 49 17 1 7 848 797 27 17 7 -9 1107 1211 25 18 2-14 474 469 33
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Values of 10*Fobs and 10*Fcalc Page IS
H K L Fobs Fcalc SigF H K L Fobs Fcalc SigF
IB 2-13 389 363 30 IB 0-1 2 663 619 45
18 2-12 462 592 28 18 8 -9 375 317 25
18 2-10 428 543 27 18 B -7 405 410 36
18 2 -8 300 252 30 18 8 -7 460 410 38
IB 2 -7 527 563 22 18 8 -6 315 283 25
IB 2 -4 209 229 26 18 8 -4 417 349 50
18 2 -1 527 476 27 18 8 -4 455 349 41
IB 2 0 293 261 31 IB 8 -2 470 437 50
18 2 1 476 501 31 18 8 -1 573 644 45
18 2 2 205 144 27 18 8 -1 578 645 45
18 2 3 179 105 29 18 8 1 719 703 39
18 2 4 242 131 23 18 8 2 342 315 29
18 2 6 268 153 29 18 8 3 423 357 47
18 2 7 564 540 37 18 8 5 355 265 28
18 2 8 454 314 30 18 8 9 271 254 40
18 2 9 270 250 29 18 8 11 229 294 33
18 2 10 418 360 49 18 10-15 333 375 39
18 2 13 304 267 33 18 10 -9 277 178 39
18 4-21 534 613 58 18 10 -3 346 410 35
18 4-20 267 242 36 18 10 1 322 373 34
18 4-19 402 419 43 18 10 3 522 550 45
18 4-18 400 444 50 18 12 -3 45B 572 32
18 4-17 433 472 42 18 12 -3 388 572 32
18 4-16 669 739 37 19 1-24 443 567 62
18 4-15 330 349 30 19 1-22 553 513 61
18 4-14 292 281 37 19 1-17 296 398 39
18 4-12 467 443 36 19 1-16 242 185 28
18 4-11 284 292 25 19 1-12 225 209 31
18 4 -6 485 417 31 19 1-10 289 298 29
18 4 -2 423 291 33 19 1 -8 188 157 26
18 4 -1 275 319 38 19 1 -6 309 288 26
18 4 1 477 423 33 19 1 -4 374 471 26
18 4 2 251 163 26 19 1 -2 362 401 32
18 4 3 196 136 30 19 1 -1 401 520 30
18 4 4 336 288 32 19 1 0 532 619 26
18 4 9 540 498 40 19 1 2 438 378 31
18 4 11 500 540 47 19 1 4 397 346 44
18 4 13 285 359 44 19 1 5 676 574 36
IB 6-20 514 465 57 19 1 6 8B3 755 34
18 6-20 476 465 52 19 1 8 555 462 49
6-18 727 715 44 19 1 10 548 426 45
18 6-18 677 715 50 19 1 11 323 305 29
18 6-16 445 452 58 19 3-23 290 307 42
IB 6-16 506 451 45 19 3-17 293 321 29
18 6-15 263 280 31 19 3-15 360 397 44
18 6-13 829 866 32 19 3-13 533 570 37
IB 6-13 821 866 33 19 3-1 2 644 718 33
18 6-12 344 253 35 19 3-11 444 409 30
IB 6-11 657 643 33 19 3-10 305 250 33
18 6-11 623 642 34 19 3 -9 179 164 29
18 6-10 237 124 28 19 3 -8 352 370 26
18 6 -8 423 337 35 19 3 -5 209 192 27
18 6 -6 624 655 32 19 3 -4 348 358 32
18 6 -5 557 602 34 19 3 -3 674 698 28
18 6 -4 284 282 44 19 3 -2 236 162 26
18 6 -2 595 553 34 19 3 -1 341 350 36
18 6 -1 292 282 33 19 3 0 288 253 22
IB 6 0 489 460 40 19 3 2 383 364 34
IB 6 2 513 478 39 19 3 5 403 355 38
18 6 3 452 456 43 19 3 7 264 141 42
18 6 4 392 310 33 19 3 9 434 446 25
18 6 6 326 313 24 19 3 11 366 384 29
18 6 8 538 541 48 19 5-2 2 257 296 40
18 6 10 447 416 31 19 5-21 297 176 46
IB 6 13 202 227 31 19 5-20 547 447 56
IB B-17 307 343 36 19 5-18 547 598 54
18 8-15 375 304 41 19 5-17 278 245 34
18 8-14 432 448 43 19 5-16 482 446 41
IB 8-14 439 447 49 19 5-1 3 264 326 29
18 8-12 583 618 48 19 5-12 506 464 39
K L Fobs Fcalc SigF H K L Fobs Fcalc SigF
5-11 385 466 46 20 0 8 417 310 33
5-10 575 607 37 20 0 10 342 174 45
5 -9 675 720 32 20 0 12 295 298 31
5 -8 641 582 33 20 2-2 0 349 337 34
5 -6 717 715 30 20 2-17 590 579 48
5 -4 334 249 50 20 2-16 618 616 42
5 -3 313 343 38 20 2-1 3 291 324 24
5 -2 879 821 28 20 2-12 418 430 35
5 0 539 485 39 20 2-10 199 210 28
5 1 252 249 41 20 2 -9 197 198 28
5 2 332 301 37 20 2 -8 449 499 30
5 3 482 420 45 20 2 -6 422 452 31
5 6 405 392 22 20 2 -3 281 357 22
5 7 259 216 35 20 2 2 251 89 34
5 8 334 311 32 20 2 4 294 175 29
5 9 429 337 42 20 2 5 933 805 35
5 11 353 405 38 20 2 6 801 744 41
5 13 238 342 36 20 2 7 327 298 37
7-20 319 429 47 20 4-18 653 640 49
7-20 379 429 28 20 4-16 403 479 40
7-18 561 461 35 20 4-14 427 384 40
7-18 487 461 34 20 4-13 374 490 40
7-14 394 237 43 20 4 -6 250 165 35
7-12 396 446 34 20 4 -5 339 395 30
7-12 454 447 29 20 4 -3 328 342 40
7-11 369 366 26 20 4 4 520 364 40
7-11 383 365 23 20 4 5 556 500 50
7 -9 872 960 34 20 4 7 387 375 46
7 -9 972 961 32 20 4 9 689 653 41
7 -7 827 893 33 20 4 11 326 407 48
7 -7 B24 893 35 20 6-18 559 503 49
7 -6 342 302 40 20 6-18 493 502 38
7 -6 360 302 42 20 6-1 5 582 695 47
7 -4 220 114 36 20 6-15 638 695 46
7 -3 565 561 44 20 6-13 240 238 37
7 -2 367 347 46 20 6 -9 540 614 46
7 -1 573 572 44 20 6 -7 375 392 38
7 0 232 66 38 20 6 -6 444 405 45
7 1 529 526 44 20 6 -5 499 491 46
7 6 332 285 35 20 6 -3 701 699 38
7 8 427 438 43 20 6 -2 341 256 29
9-14 406 455 54 20 6 -1 520 532 44
9-12 357 314 31 20 6 0 389 291 24
9-12 319 314 36 20 6 2 248 74 37
9 -9 410 343 43 20 6 6 490 449 37
9 -9 305 343 36 20 6 8 265 341 34
9 -7 >421 413 67 20 8 -1 9 262 318 28
9 -7 445 412 38 20 8-11 282 323 45
9 -3 402 447 47 20 8 -1 0 347 254 30
9 -3 459 447 35 20 8 -9 703 581 45
9 -1 445 394 32 20 8 -9 507 581 55
9 1 582 619 47 20 8 -B 468 400 32
9 3 563 517 41 20 8 -8 407 400 48
9 5 281 318 41 20 8 -7 621 496 48
9 8 304 386 21 20 8 -6 750 722 46
11-11 280 392 33 20 8 -6 758 723 47
11 -3 344 355 48 20 8 -5 372 301 39
11 -1 305 332 30 20 B -5 327 301 34
11 1 343 300 37 20 8 -4 741 680 46
0-24 594 666 41 20 8 -4 619 679 52
0-22 692 736 45 20 8 -3 822 848 41
0-16 725 720 30 20 8 -1 803 796 43
0-14 240 250 23 20 8 -1 B ll 796 44
0-12 381 356 37 20 8 1 667 653 48
0 -6 180 66 22 20 8 3 361 318 28
0 -2 354 312 35 20 10-13 286 266 27
0 0 648 641 28 20 10 -5 318 317 35
0 2 416 257 35 20 10 -5 360 317 34
0 4 654 727 32 20 10 -3 388 364 56
0 6 1384 1434 25 20 10 -3 297 364 34
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Values of 10*Fobs and 10*Fcalc Page 16
H K L Fobs Fcalc SigF H K L Fobs Fcalc SigF H K L Fobs Fcalc SigF
20 10 -1 387 368 35 22 2 -3 339 311 35 23 7 -6 38B 419 45
20 10 -1 353 369 28 22 2 2 359 264 51 23 7 -3 395 496 43
20 10 1 320 375 46 22 2 4 466 350 39 23 7 -1 381 459 26
21 1-22 459 663 49 22 2 6 548 409 51 23 7 -1 467 459 43
21 1-20 4B1 439 44 22 4-16 421 338 34 23 7 1 250 336 33
21 1-16 860 1011 33 22 4-13 686 710 48 24 0-18 498 680 49
21 1-14 357 308 26 22 4-11 489 513 46 24 0-16 424 626 58
21 1-12 911 1111 27 22 4 -9 476 431 46 24 0-14 906 1139 39
21 1-11 283 254 25 22 4 -8 448 361 47 24 0-12 933 1052 36
21 1-10 551 662 31 22 4 -7 444 410 50 24 0-10 682 787 43
21 1 -2 273 227 26 22 4 -6 298 2B9 33 24 0 -8 536 600 46
21 1 0 270 230 40 22 4 -4 676 655 47 24 0 -6 322 289 34
21 1 2 229 261 32 22 4 -3 311 222 34 24 0 -4 757 673 38
21 1 4 27B 315 3B 22 4 -2 540 455 38 24 0 0 242 37 34
21 1 6 1098 959 39 22 4 -1 504 470 42 24 0 4 591 604 45
21 1 8 438 397 42 22 4 0 719 693 47 24 0 6 250 211 27
21 3-17 424 370 37 22 4 1 537 531 40 24 2-18 278 438 37
21 3-14 350 329 45 22 4 2 700 634 49 24 2-17 238 322 36
21 3-13 566 564 45 22 4 6 321 235 31 24 2-14 361 356 36
21 3-1 2 552 474 43 22 6-11 635 629 50 24 2-10 469 438 33
21 3-10 525 494 39 22 6-11 658 630 48 24 2 -8 421 503 53
21 3 -9 366 374 31 22 6-10 317 251 33 24 2 -5 268 284 40
21 3 -7 326 363 42 22 6 -9 537 526 39 24 2 -4 375 327 30
21 3 -6 247 229 38 22 6 -8 634 610 41 24 2 -1 353 318 41
21 3 1 264 165 33 22 6 -7 290 285 47 24 2 3 569 535 33
21 3 8 339 270 39 22 6 -6 371 304 34 24 2 4 464 406 49
21 5-18 507 552 50 22 6 -5 631 647 50 24 4-16 314 263 44
21 5-14 250 262 39 22 6 -4 721 650 43 24 4-15 296 334 42
21 5-13 318 273 40 22 6 -3 649 637 48 24 4-10 410 354 38
21 5-12 29B 239 43 22 6 -2 310 195 40 24 4 -8 320 283 36
21 5-11 264 336 34 22 6 2 398 269 42 24 4 -4 357 406 51
21 5 -8 454 427 39 22 8-15 315 455 41 24 4 -3 451 418 48
21 5 -6 543 470 36 22 8-15 361 455 42 24 4 -2 700 675 53
21 5 -4 904 858 34 22 8-12 264 303 33 24 4 -1 487 483 41
21 5 -2 963 874 34 22 8 -8 299 306 40 24 4 0 830 745 46
21 5 0 1071 1005 34 22 8 -7 298 257 33 24 4 2 453 509 41
21 5 1 315 286 44 22 8 -6 383 .361 35 24 6 0 253 261 32
21 5 2 615 497 48 22 8 -6 414 361 29 25 1-14 466 600 33
21 5 5 506 405 51 22 8 -5 397 446 29 25 1-12 318 380 35
21 5 7 235 258 38 22 8 -4 348 323 36 25 1 -8 473 529 41
21 5 9 373 424 51 22 8 -1 344 456 29 25 1 -5 398 453 36
21 7-17 282 319 34 23 1-18 496 555 45 25 1 -4 465 542 46
21 7-15 610 661 53 23 1-14 582 728 48 25 1 2 336 358 38
21 7-15 537 661 54 23 1-12 503 440 41 25 3-14 269 329 32
21 7 -7 592 662 52 23 1-10 284 300 31 25 3 -6 275 389 38
21 7 -7 697 662 45 23 1 -4 334 335 36 25 3 -4 522 448 44
21 7 -4 443 510 43 23 1 -3 353 341 30 25 3 -2 543 574 41
21 7 -1 418 472 38 23 1 -2 289 263 32 25 3 0 684 630 51
21 7 1 337 340 50 23 1 2 326 319 50 26 0-14 582 735 40
21 7 6 329 339 33 23 1 4 725 747 41 26 0-12 36B 410 40
21 9-14 238 287 34 23 1 6 311 265 45 26 0-10 343 335 46
21 9 -5 329 289 54 23 3-16 618 562 34 26 0 -8 271 342 37
22 0-22 300 429 44 23 3-13 444 420 39 26 2 -8 233 260 35
22 0-18 415 433 59 23 3-12 365 260 41 26 2 -6 375 413 33
22 0-16 644 736 41 23 3-11 374 375 39 26 2 -4 322 392 28
22 0-14 596 622 39 23 3 -8 272 230 39
22 0-12 665 716 34 23 3 -1 264 205 43
22 0-10 499 645 43 23 3 3 681 611 55
22 0 -4 215 89 28 23 5-16 391 434 41
22 0 -2 308 293 23 23 5-1 0 272 239 39
22 0 2 380 359 20 23 5 -5 278 270 40
22 0 4 349 378 25 23 5 -4 371 357 30
22 0 6 644 587 38 23 5 -2 385 313 41
22 0 8 625 578 60 23 5 0 290 284 42
22 2-16 461 502 34 23 5 2 404 426 30
22 2-12 447 419 38 23 5 5 382 486 45
22 2-11 296 358 31 23 7-15 388 552 37
22 2-10 354 386 28 23 7-15 364 552 33
22 2 -8 192 93 31 23 7 -7 252 297 40
22 2 -7 366 350 39 23 7 -6 343 420 37
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References for Figure 4.1, Chapter 4 
5 Coordinate Fe(III)
High-spin
Intermediate
Low-spin
6  Coordinate Fe(III)
High-spin
Intermediate
Low-spin
Skelton & White, 1977
Phillippi, Baenziger & Goff, 1981
Scheidt et al, 1984
Scheidt et al, 1985 <2 structures)
Anzai et al, 1981
Buchler et al, 1982
Buisson et al, 1982
Cocolios et al, 1984
Hoard, Cohen & Glick, 1967
Hatano & Scheidt, 1979
Hoard et al, 1965
Goff et al, 1984
Landrum et al, 1981
Koenig, 1965
Hoffman et al, 1972
Swepson & Ibers, 1985
Tang et al, 1976
Hoard & Bloom, 1983
Kenny, Buchler Si Scheidt, 1983
Sabat & Ibers, 1982
Miller & Strouse, 1984a
Miller & Strouse, 1984b
Masuda et al, 1980 
Reed et al, 1979
English et al, 1984 
Doppelt, 1984
Scheidt, Lee & Hatano, 1984
Scheidt et al, 1982 
Scheidt et al, 1983a 
Mashiko et al, 1978 
Buisson et al, 1982 
Gunter et al, 1984 
Geiger, Lee & Scheidt, 1984 
Gans et al, 1979 
Scheidt, Cohen & Kaster, 1979 
Einstein & Willis, 1978 
Scheidt, Geiger Si Haller, 1982
Masuda et al, 1982b 
Summerville et al, 1978
Mashiko et al, 1979 
Scheidt et al, 1982 
Scheidt et al, 1983b
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Scheidt, Geiger & Haller, 1982 
Adams et al, 1979 
Byrn Si Strouse, 1981 
Collins, Countryman & Hoard, 1972 
Quinn, Strouse & Valentine, 1983 
Little, Dymock Si Ibers, 1975 
Kirner, Hoard & Reed, 1978 
Scheidt, Haller & Hatano, 1980 
Haller et al, 1983
5 Coordinate Fe(II)
High-spin Jameson et al, 1980
Schappacher et al, 1983a 
Collman et al, 1974 
Caron et al, 1979 
Mahy et al, 1984 
Schappacher et al, 1983b
Low-spin Scheidt & Geiger, 1982 
Scheidt & Frisse, 1975
6 Coordinate Fe(II)
High-spin Jameson et al, 1978b
Reed et al, 1980
Low-spin Scheidt et al, 1981
Jameson St Ibers, 1979
Mansuy et al, 1983
Mashiko et al, 1981 <2 structures)
Jameson et al, 1980
Caron et al, 1979
Radonovich, Blood & Hoard, 1972
Steffan et al, 1978
Mashiko et al, 1979
Scheidt & Piciulo, 1976
Scheidt et al, 1977 (2 structures)
Peng Si Ibers, 1976
Mansuy et al, 1978
Jameson et al, 1978a
4 Coordinate Fe(II)
Intermediate Strauss et al, 1985 
Collman et al, 1975
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APPENDIX E
Full Tables 8t Structure Factors 
for HsPDM
Contents Page No
Positional Parameters E2
Bond Distances E4
Bond Angles E4
Least-squares planes E5
FoFc E6
El
Ato* X y z B
0 0.1231(8) 0.2655(8) 0.223(2) 7.5(4)
01 0.500 0.000 0.473(3) 8.0(5)
02 0.039(1) 0.400(1) 0.221(3) 12.7(7)
N 0.4787(6) 0.1104(5) 0.239(2) 2.4(2)
Cl 0.5293(9) 0.1524(B) 0.285(2) 3.5(4)
C2 0.5001(9) 0.191(1) 0.397(2) 4.0(4)
C3 0.4273(8) 0.1775(8) 0.393(2) 2.9(3)
C4 0.4169(B) 0.1305(8) 0.289(2) 2.8(3)
C5 0.3523(7) 0.1009(7) 0.246(3) 3.0(3)
C21 0.2936(7) 0.1426(7) 0.250(3) 2.5(3)
C22 0.2992(7) 0.2177(7) 0.241(3) 3.0(3)
C23 0.2428(8) 0.2588(9) 0.245(3) 4.0(4)
C24 0.2546(9) 0.336(1) 0.240(3) 5.2(4)
C25 0.327(1) 0.356(1) 0.268(4) 8.1(7)
C26 0.213(1) 0.365(1) 0.372(3) 6.6(6)
C27 0.233(1) 0.371(1) 0.118(3) 7.1(7)
C28 0.1769(9) 0.2274(9) 0.233(3) 4.7(4)
C29 0.1673(7) 0.1529(8) 0.239(3) 3.3(3)
C30 0.097(1) 0.122(1) 0.249(4) 5.7(5)
C31 0.057(1) 0.133(1) 0.126(3) 5.6(6)
C32 0.057(2) 0.151(1) 0.373(4) 8.3(8)
C33 0.102(1) 0.043(1) 0.240(4) 7.7(6)
C34 0.2242(7) 0.1139(B) 0.244(3) 3.2(3)
Table E.1 Fractional atonic coordinates with e.s.d. in parentheses 
and refined Isotropic temperature factors
E2
Atoi X y z B
H2 0.5253 0.2205 0.4627 5*
H3 0.3914 0.1977 0.4525 5*
H22 0.3458 0.2389 0.2338 5*
H25C 0.3581 0.3344 0.2008 5*
H25B 0.3400 0.3393 0.3612 5*
H25A 0.3314 0.4068 0.2651 5*
H26C 0.2304 0.3432 0.4562 5*
H26A 0.2165 0.4156 0.3778 5*
H26B 0.1620 0.3524 0.3629 5*
H27C 0.1827 0.3651 0.1040 5*
H27A 0.2434 0.4216 0.1272 5*
H27B 0.2586 0.3526 0.0387 5*
H31C 0.0816 0.1090 0.0488 5*
H31A 0.0107 0.1099 0.1364 5*
H31B 0.0517 0.1814 0.1071 5t
H32C 0.0527 0.2037 0.3611 5*
H32A 0.0102 0.1320 0.3784 5*
H32B 0.0828 0.1429 0.4577 5*
H33C 0.1313 0.0250 0.3133 5*
H33A 0.0552 0.0223 0.2445 5*
H33B 0.1233 0.0305 0.1499 5f
H34 0.2188 0.0627 0.2407 5*
t Isotropic t e m perature factor not refined
Table E. 1 /ccmt
E3
Atoal Atoa2 Distance
0 C28 1 .2 9 (2 )
N Cl 1 .3 6 (2 )
H C4 1 .3 6 (2 )
Cl C2 1 .4 6 (3 )
C2 C3 1 .4 4 (3 )
C3 C4 1 .39 (3 )
C4 C5 1 .4 5 (2 )
C5 C21 1 .4 0 (2 )
C21 C22 1 .4 7 (2 )
C21 C34 1 .4 6 (2 )
C22 C23 1 .36 (2 )
C23 C24 1 .5 2 (3 )
Atoal A to i2  Distance
II II II II II ssssr
C23 C28 1 .43 (2 )
C24 C25 1 .49 (3 )
C24 C27 1 .46 (4 )
C28 C29 1 .47 (2 )
C29 C30 1 .5 1 (2 )
C29 C34 1 .35 (2 )
C30 C31 1 .4 6 (4 )
C30 C32 1 .56 (5 )
C30 C33 1 .5 4 (3 )
0 02 3 .1 0 (3 )
0 C28 1 .2 9 (2 )
N Cl 1 .36 (2 )
Atoal Ato»2 Distance
N C4 1 .3 6 (2 )
C2 H2 1 .0 0 (2 )
C3 C4 1 .3 9 (3 )
C3 H3 1 .0 0 (2 )
C22 C23 1 .3 6 (2 )
C22 H22 1
C25 H25C 0 .9 9 (3 )
C25 H25B 1 .0 2 (4 )
C25 H25A 1 .0 0 (3 )
C26 H26C 1 .0 0 (3 )
C29 C34 1 .3 5 (2 )
Nuabers in  parentheses are  estim ated standard d e v ia tio n s  in  the  le a s t s ig n if ic a n t  d ig i ts .
Table E.2 Band distances (A.)
A toal Atoa2 Atoa3 Angle Atoal Atoa2 Atoa3 Angle Atoal Atoa2 Atoa3 Angle
===== ===== csssr ===== ===== ===== ===== == === sszss sssss ===== sssss
Cl N C4 11 0 .(1 ) C22 C23 C28 11 8 .(2 ) C29 C30 C33 1 1 0 .(2 )
K Cl C2 10 7 .(2 ) C24 C23 C28 12 4 .(2 ) C31 C30 C32 1 1 0 .(2 )
Cl C2 C3 1 0 5 .(2 ) C23 C24 C25 11 3 .(2 ) C31 C30 C33 9 8 .(2 )
C2 C3 C4 10 7 .(2 ) C23 C24 C27 11 7 .(2 ) C32 C30 C33 1 1 7 .(3 )
N C4 C3 10 9 .(1 ) C25 C24 C27 10 8 .(2 ) C21 C34 C29 1 2 3 .(1 )
N C4 C5 12 3 .(2 ) 0 C2B C23 1 1 9 .(2 ) Cl N C4 1 1 0 .(1 )
C3 C4 C5 1 2 7 .(2 ) 0 C28 C29 11 8 .(2 ) C4 C3 H3 1 2 7 .(2 )
C4 C5 C21 1 1 8 .(1 ) C23 C28 C29 12 2 .(2 ) N C4 C3 1 0 9 .(1 )
C5 C21 C22 12 1 .(1 ) C28 C29 C30 1 2 1 .(1 ) C23 C22 H22 1 1 9 .(1 )
C5 C21 C34 1 2 2 .(1 ) C28 C29 C34 1 1 7 .(1 ) H25C C25 H25B 1 0 9 .(2 )
C22 C21 C34 1 1 7 .(1 ) C30 C29 C34 1 2 1 .(1 ) H25C C25 H25A 1 1 0 .(3 )
C21 C22 C23 12 2 .(1 ) C29 C30 C31 1 1 1 .(2 ) H25B C25 H25A 1 0 8 .(3 )
C22 C23 C24 11 7 .(2 ) C29 C30 C32 1 1 1 .(2 )
Nuabers in  parentheses are e s t iia te d  standard d e v ia tio n s  in  the le a s t s ig n if ic a n t  d ig i ts .
Table E.3 Bond angles <*)
E4
^
The equation of the plane is  of the fo ra : A*x + B*y *■ C*z -  D = 0 
Hhere A,B,C It D are constants and x ,y  I  2 are orthogo nalized  co ord inates.
Plane No. A 6 C D Atoa x y 2 D istance Estf
0.0000 0.0000 -1.0000 -2.4809
-0 .1 4 4 2  0 .7277  -0 .67 0 6  -1 .29 3 4
-0 .1 2 4 0  0.7371 -0 .6 6 4 3  -1 .0 5 4 0
0.0376 -0 .0 2 1 0  -0 .999 1  -2 .3034
Chi Squared
D ihedral Angles Between Planes:
Plane No. Plane No. D ihedral Angle
1 2 47 .9
1 3 4B.4
1 4 2 .5
2 3 1.3
2 4 49 .5
3 4 49 .9
--------- Atoas in  Plane---------
N 9.3284 2.1519 2.3698 0.111 0.017
N2 11.8946 0.4151 2.5919 -0 .111 0.000
N3 7.5920 -0 .4151 2.5919 -0 .111 0.000
N4 10.1584 -2 .1513 2.3696 0.111 0.000
Squared = 41.
--------- Atoas in  P lane--- - - - - - - - _ _ _ _ _
N 9.3284 2.1519 2.3698 -0 .0 7 5 0.014
Cl 10.3135 2.9691 2.8292 0 .069 0 .019
C2 9.7448 3.7275 3.9353 -0 .0 3 9 0.021
C3 8.3266 3.4585 3.8957 -0 .0 0 3 0 .018
C4 8.1237 2.5434 2.8703 0.048 0.017
Squared = 55.
. ..Utner Atoas-----------
C5 6.8648 1.9662 2.4403 0.098 0.021
■— ----riiu ib  in  r id iie -----
N 9.3284 2.1519 2.3698 -0 .09 1 0.014
Cl 10.3135 2.9691 2.8292 0.084 0.019
C2 9.7448 3.7275 3.9353 -0 .0 21 0.021
C3 8.3266 3.4585 3.8957 -0 .0 1 7 0.018
C4 8.1237 2.5434 2.8703 0.014 0.017
C5 6.8648 1.9662 2.4403 0.031 0.021
Squared = 68.
C21 5.7214 2.7787 2.4805 -0 .0 1 8 0.025
C22 5.6308 4.2414 2.3938 0.042 0 .02 7
C23 4.7321 5.0427 2.4266 -0 .0 4 9 0.030
C28 3.4468 4.4308 2.3097 0.032 0.026
C29 3.2595 2.9789 2.3755 -0 .0 1 0 0 .027
C34 4.3698 2.218B 2.4202 0.003 0 .02 7
 Other Atoas----- - - - - - - - - - - - - - - -
2.3981 5.1738 2.2161 0.071 0 .022
Table E.4 Least-squares planes data
E5
Values of 10»Fobs and 10*Fcalc Page 1
H K L Fobs Fcalc SigF H K L Fobs Fcalc SigF H K L Fobs Fcalc SigF H K L Fobs Fcalc
0 2 0 1337 1312 3 6 10 0 3B7 438 9 15 3 0 227 195 13 4 11 1 141 172
0 4 0 1339 1097 4 6 12 0 409 361 11 15 5 0 322 279 11 4 15 1 216 146
0 6 0 177 214 9 6 14 0 229 15B 10 15 7 0 381 346 11 4 17 1 162 138
0 8 0 1260 1128 6 7 1 0 571 429 6 15 9 0 177 185 8 4 19 1 328 239
0 10 0 276 270 10 7 3 0 558 488 6 15 11 0 248 252 12 5 2 1 287 269
1 1 0 750 633 2 7 5 0 122 76 7 16 2 0 296 327 11 5 4 1 208 226
1 3 0 569 649 3 7 7 0 440 273 7 16 4 0 315 378 11 5 6 1 192 178
1 5 0 457 455 5 1 9 0 503 510 8 16 6 0 240 278 9 5 8 1 557 468
1 7 0 532 565 5 7 11 0 563 533 9 16 8 0 175 175 6 5 10 1 185 144
1 9 0 1258 1288 6 7 17 0 135 128 11 16 10 0 228 153 7 5 14 1 216 216
1 11 0 297 355 9 8 2 0 204 226 9 16 12 0 113 123 11 5 16 1 121 137
1 13 0 97 124 10 8 4 0 1520 1379 6 17 11 0 99 148 11 5 18 1 233 228
1 15 0 146 93 9 8 6 0 440 318 8 20 6 0 108 135 11 6 1 1 220 298
1 17 0 136 208 9 8 8 0 92 52 10 20 8 0 104 68 11 6 3 1 361 345
1 19 0 116 65 8 8 10 0 286 272 11 21 3 0 114 83 7 6 5 1 714 718
2 2 0 1143 1123 3 8 12 0 488 523 10 0 1 1 1076 1010 4 6 7 1 488 438
2 4 0 73 79 7 8 14 0 286 2B4 14 0 3 1 510 767 5 6 9 1 515 452
2 8 0 577 438 6 8 16 0 251 251 12 0 5 1 594 549 6 6 11 1 87 33
2 10 0 294 214 8 9 1 0 283 198 8 0 7 1 679 665 7 7 2 1 881 803
2 12 0 138 61 7 9 3 0 478 431 8 0 9 1 307 183 9 7 4 1 916 845
2 14 0 100 80 12 9 5 0 657 610 7 0 13 1 166 195 9 7 6 1 342 335
2 16
1
0 424 391 11 9 7 0 264 285 11 0 15 1 312 240 12 7 8 1 275 256
3 0 173 314 5 9 9 0 127 117 9 0 17 1 306 329 11 7 10 1 145 213
3 3 0 281 298 5 9 11 0 145 173 10 1 2 1 1500 1369 4 8 3 1 658 494
3 5 0 565 509 5 9 13 0 374 429 12 1 4 1 158 169 8 8 5 1 130 224
3 7 0 117 193 6 9 17 0 141 157 10 1 6 1 398 361 7 8 11 1 630 651
3 9 0 758 672 6 10 2 0 775 707 7 1 8 1 301 349 8 8 15 1 104 179
0 11 0 371 407 9 10 4 0 430 469 8 1 10 1 865 835 7 8 17 1 217 169
3 15 0 533 592 10 10 6 0 78 78 13 1 12 1 145 145 8 9 2 1 591 419
3 17 0 357 394 12 10 10 0 133 197 10 1 16 1 458 408 11 9 4 1 520 569
3 19 0 165 115 7 10 12 0 339 400 13 1 20 1 82 53 13 9 6 1 209 231
4 2 0 387 399 5 10 14 0 347 300 12 2 1 1 712 807 4 9 8 1 228 243
4 4 0 1178 1051 4 11 5 0 263 237 10 2 3 1 2030 1776 4 9 10 1 120 105
4 6 0 216 316 8 11 9 0 379 342 11 2 5 1 463 573 6 9 12 1 422 322
4 8 0 324 329 7 11 11 0 296 247 13 2 7 1 945 847 6 9 14 1 130 149
4 10 0 135 100 7 11 15 0 157 93 9 2 9 1 236 268 10 9 16 1 309 247
4 12 0 139 162 8 11 17 0 148 138 9 2 15 1 245 288 11 10 3 1 348 443
4 14 0 143 155 10 12 2 0 168 221 7 17 1 241 208 12 10 7 1 130 178
4 16
1
0 338 268 13 12 4 0 202 190 10 2 19 1 149 139 10 10 11 1 128 147
5 0 2042 1909 4 12 8 0 387 399 10 3 2 1 331 436 6 11 2 1 303 264
5 3 0 395 483 6 12 14 0 316 299 12 ' 3 4 1 387 357 6 11 12 1 168 104
5 5 0 124 110 9 12 16 0 212 167 9 3 6 1 161 120 8 11 16 1 124 62
5 7 0 71 138 to 13 1 0 115 119 10 3 8 1 560 563 7 12 3 1 94 104
5 9 0 119 194 8 13 7 0 139 165 9 3 10 1 174 176 9 12 5 1 253 24B
5 15 0 179 179 10 13 11 0 98 86 13 3 14 1 403 392 12 12 7 1 166 126
5 17 0 141 107 11 13 13 0 247 184 10 4 1 1 1065 1030 4 12 9 1 1B7 134
5 19 0 257 242 13 14 2 0 126 112 10 4 3 1 150 179 8 12 13 1 148 157
6 2 0 324 430 7 14 6 0 194 173 11 4 5 1 502 522 6 12 15 1 132 152
6 4 0 529 583 6 14 8 0 197 181 9 4 7 1 177 176 9 13 4 1 117 90
6 8 0 409 281 8 14 10 0 208 172 9 4 9 1 407 304 8 13 6 I 204 210
Table E.5 Structure factor tables (F0FC >
E6
SigF
10
11
11
13
7
8
8
7
9
12
IS
11
10
6
6
7
8
14
6
b
8
10
8
7
7
10
16
11
8
8
10
10
11
13
13
13
10
9
12
11
10
12
12
12
9
11
10
11
11
10
Values of 10*Fobs and 10*Fcalc
H K L Fobs Fcalc SigF
13 e 1 521 524 11
13 10 1 133 160 12
13 14 1 206 223 11
13 16 1 86 112 13
14 1 1 157 135 9
14 3 1 97 62 13
14 5 1 227 229 12
14 7 1 419 373 11
14 9 1 268 204 12
14 11 1 152 158 9
15 2 1 195 204 9
15 4 1 248 229 12
15 6 1 327 342 12
15 8 1 184 216 9
15 10 1 102 61 13
16 1 1 216 199 10
16 3 1 296 294 12
16 11 1 262 250 12
17 2 1 87 155 14
17 8 1 255 196 10
17 10 1 131 165 10
17 12 1 90 98 11
20 5 1 105 i l l 12
0 0 2 6425 6033 14
0 2 2 1644 1486 5
0 4 2 1116 996 C
0 6 2 500 580 7
0 8 2 952 724 7
0 10 2 346 390 10
0 12 2 176 138 9
0 14 2 226 253 12
0 16 2 361 298 13
1 1 2 311 225 8
1 3 2 203 306 9
1 5 2 460 395 7
1 7 2 566 578 7
1 9 2 576 624 8
1 11 2 292 230 12
1 13 2 304 294 14
1 17 2 258 322 13
2 2 2 1255 1193 5
2 4 2 B60 849 5
2 6 2 633 575 7
2 8 2 76B 722 7
2 10 2 165 161 10
2 16 2 435 349 14
3 1 2 609 655 7
3 3 2 964 887 5
3 5 2 519 479 7
3 9 2 424 375 9
H K L Fobs Fcalc SigF
3 11 2 138 208 10
3 15 2 575 499 13
3 17 2 340 317 15
4 2 2 517 403 7
4 4 2 784 722 6
4 6 2 724 689 7
4 6 2 523 500 8
4 14 2 333 269 14-
4 16 2 289 222 13
4 18 2 112 76 17
5 1 2 570 633 7
5 3 2 559 794 6
5 5 2 249 309 10
5 7 2 378 379 9
5 11 2 133 134 11
5 13 2 149 129 12
5 19 2 147 165 13
6 2 2 234 291 10
6 4 2 130 126 8
6 8 2 202 223 11
6 12 2 128 142 13
7 1 2 526 442 7
7 3 2 750 670 7
7 5 2 358 465 9
7 7 2 340 290 10
7 9 2 165 139 9
7 11 2 431 380 11
7 13 2 184 201 10
8 2 2 462 429 6
8 4 2 643 607 7
8 6 2 276 325 11
8 8 2 108 108 10
8 10 2 227 158 11
8 12 2 53B 537 12
8 14 2 289 256 15
8 16 2 210 221 12
9 1 2 262 272 10
9 3 2 353 375 8
9 5 2 429 364 8
9 7 2 110 68 10
9 11 2 151 159 11
9 13 2 359 410 13
9 17 2 16B 178 11
10 2 2 209 251 11
10 4 2 163 139 9
10 8 2 131 134 10
10 10 2 130 91 12
10 12 2 370 387 14
10 14 2 322 293 14
10 16 2 208 202 10
E7
H K L Fobs Fcalc SigF
11 1 2 158 165 9
11 3 2 160 194 10
11 5 2 102 146 11
11 9 2 263 259 12
11 13 2 122 202 13
11 15 2 290 239 12
12 2 2 252 225 12
12 6 2 127 118 11
12 8 2 291 295 13
12 10 2 227 271 13
12 14 i. 301 282 13
12 16 2 117 96 12
13 3 2 215 167 13
13 5 2 212 245 9
13 7 2 123 207 13
13 13 2 134 102 10
14 2 2 126 188 12
14 8 2 196 196 10
15 3 2 153 175 10
15 7 2 409 366 12
15 9 2 128 144 12
15 11 2 109 141 12
16 2 2 208 201 13
16 4 2 248 225 11
16 6 2 373 384 12
16 10 2 192 147 9
17 1 2 101 71 15
0 1 3 751 668 6
0 3 3 233 326 9
0 5 3 203 234 10
0 7 3 89 73 12
0 9 3 191 200 8
0 11 3 588 524 10
0 13 3 177 168 11
0 15 3 214 120 10
0 17 3 299 323 14
0 21 3 84 54 11
1 2 3 533 376 7
1 4 3 442 405 7
1 6 3 665 663 7
1 8 3 273 280 11
1 10 3 478 418 10
1 16 3 468 396 14
2 1 3 1189 1173 6
2 3 3 1337 1097 6
2 5 3 210 324 10
2 7 3 315 305 10
2 11 3 103 102 15
2 15 3 297 303 16
2 17 3 285 264 15
H K L Fobs
Page 2 
Fcalc SigF
-  - - ----- ------
3 2 3 425 587 8
3 4 3 425 422 B
3 6 3 318 209 9
3 10 3 419 402 11
3 12 3 281 267 14
4 1 3 1195 1147 7
4 3 3 497 500 8
4 5 3 691 588 8
4 9 3 141 193 11
4 11 3 141 158 12
4 15 3 125 115 16
4 19 3 125 121 15
5 2 3 183 129 10
5 4 3 269 222 10
5 6 3 143 172 8
5 8 3 616 532 9
5 10 3 140 178 11
5 12 3 274 233 13
5 14 3 393 339 15
5 18 3 145 131 13
6 1 3 745 702 B
6 3 3 651 571 8
6 5 3 138 141 9
6 7 3 731 594 9
6 9 3 371 334 11
6 13 3 160 139 13
7 2 3 429 501 9
7 4 3 188 187 10
7 6 3 90 113 14
7 8 3 137 126 10
7 10 3 203 249 11
8 1 3 564 459 9
8 3 3 460 378 9
8 5 3 153 213 9
8 9 3 133 154 12
8 11 3 344 404 13
9 2 3 387 319 10
9 4 3 266 293 13
9 6 3 316 250 12
9 8 3 140 195 11
9 12 3 480 429 12
9 14 3 126 183 15
9 16 3 263 254 13
10 1 3 248 253 12
10 3 3 342 344 11
10 5 3 460 430 11
10 7 3 315 332 13
10 11 3 233 234 11
10 15 3 184 145 10
11 2 3 154 220 11
Values of 10*Fobs and 10»Fcalc Page 3
H K L Fobs Fcalc SigF H K L
11 4 3 227 165 15 3 11 4
11 6 3 170 198 11 3 15 4
11 8 3 97 44 16 3 17 4
11 10 3 169 163 10 4 2 4
11 12 3 110 114 15 4 4 4
11 14 3 12B 157 • 12 4 6 4
12 1 3 124 137 10 4 8 4
12 5 3 235 225 10 4 10 4
12 7 3 154 117 11 4 14 4
12 9 3 286 222 14 4 16 4
12 15 3 161 164 10 J 1 4
13 2 3 386 256 13 5 3 4
13 6 3 219 239 14 5 7 4
13 8 3 310 291 14 5 9 4
14 5 3 193 129 12 6 2 4
14 7 3 524 478 12 6 4 4
14 9 3 214 172 12 6 6 4
15 4 3 151 92 13 6 8 4
15 6 3 571 528 12 7 1 4
15 8 3 263 277 13 7 3 4
16 1 3 131 157 12 7 5 4
16 3 3 357 316 14 7 9 4
16 11 3 119 151 10 7 11 4
18 3 3 267 228 12 7 13 4
0 0 4 2471 2348 7 7 15 4
0 2 4 665 622 7 7 17 4
0 4 4 180 247 8 8 2 4
0 6 4 267 308 10 8 4 4
0 8 4 740 690 9 8 6 4
0 14 4 193 235 12 8 8 4
0 16 4 393 321 14 B 10 4
1 1 4 570 618 8 8 12 4
1 3 4 600 495 7 8 14 4
1 5 4 190 243 10 9 5 4
1 7 4 202 259 10 9 7 4
1 9 4 260 332 11 9 9 4
1 11 4 288 293 12 9 13 4
1 13 4 224 163 10 9 17 4
1 17 4 173 266 12 10 2 4
1 19 4 126 99 13 10 4 4
2 2 4 1304 1183 7 10 6 4
2 4 4 323 408 10 10 12 4
2 6 4 216 290 9 10 14 4
2 8 4 341 421 12 10 16 4
2 10 4 212 290 11 11 3 4
2 14 4 366 291 16 11 5 4
2 16 4 175 172 13 11 15 4
3 1 4 139 146 9 12 4 4
3 3 4 415 485 9 12 10 4
3 7 4 313 189 12 12 14 4
Fobs Fcalc SigF H K L Fobs Fcalc
230 188 13 13 1 4 146 166
343 327 16 13 3 4 437 381
286 256 13 13 5 4 268 278
287 289 12 13 9 4 110 114
195 145 9 14 12 4 138 130
471 461 10 14 14 4 107 74
237 216 11 15 1 4 121 81
183 1B6 14 15 3 4 172 172
242 212 13 15 5 4 115 67
231 181 11 15 7 4 190 232
652 598 9 15 9 4 131 140
375 388 11 16 2 4 214 200
363 296 12 16 4 4 238 188
253 214 13 16 6 4 267 297
205 223 8 16 10 4 148 145
240 246 12 18 4 4 220 170
158 181 10 0 1 5 684 667
365 266 14 0 3 5 157 224
564 590 10 0 7 5 128 178
827 769 9 0 9 5 302 283
197 189 9 0 11 5 255 235
122 100 16 0 13 5 193 230
306 321 14 0 15 5 173 217
143 156 16 0 19 5 112 117
126 160 16 1 2 5 373 339
165 109 12 1 4 CJ 116 149
712 636 10 1 6 J 270 285
212 252 12 1 10 5 343 411
214 230 10 1 14 5 119 155
192 176 11 1 16 5 257 282
193 190 11 2 1 5 572 457
570 534 13 2 3 5 454 407
134 128 15 2 5 5 122 151
300 345 13 2 7 5 115 192
185 228 12 2 15 5 273 263
152 166 13 2 17 5 184 197
293 352 12 3 2 5 136 212
126 117 14 3 4 5 264 265
199 194 12 3 6 5 156 164
383 269 12 3 10 5 318 297
152 185 12 3 12 5 211 243
257 243 15 4 1 5 371 342
307 325 13 4 3 5 207 242
197 212 11 4 5 5 380 364
120 130 13 4 7 5 161 140
148 127 12 4 11 CJ 140 132
228 239 16 5 2 5 222 288
113 149 16 5 6 5 280 241
208 248 10 5 8 5 165 245
205 200 12 5 10 5 256 241
E8
igF H K L Fobs Fcalc SigF
15 5 14 5 194 177 12
12 6 1 5 599 537 12
13 6 5 5 135 134 13
17 6 7 5 22B 277 12
11 6 9 5 340 346 16
12 6 11 5 145 155 16
17 7 2 5 415 476 13
11 7 8 5 289 189 14
19 7 10 5 305 279 13
11 8 1 5 445 382 14
13 8 3 5 457 405 13
9 8 5 5 184 180 11
12 8 9 5 144 191 17
14 8 11 5 280 305 13
11 9 2 5 170 146 12
14 9 4 5 383 325 15
9 9 12 5 293 260 14
8 9 14 5 138 159 15
10 9 16 5 161 180 13
14 10 7 5 313 269 13
13 10 11 5 163 161 15
12 11 2 5 275 266 14
12 12 5 5 184 239 14
13 12 7 5 142 81 IB
11 12 9 5 237 171 12
10 12 15 5 105 111 16
11 13 2 5 201 163 12
15 13 6 5 247 226 12
17 13 8 5 273 258 13
13 13 10 5 114 81 19
10 14 3 5 131 79 15
10 14 5 5 191 205 14
10 14 7 5 335 322 15
12 14 9 5 150 182 17
15 15 4 5 147 136 13
15 15 6 5 369 315 17
12 15 8 5 250 277 13
13 16 3 5 271 338 11
10 18 3 5 143 130 12
14 18 7 5 118 149 19
13 0 0 6 2025 1928 11
13 0 2 6 651 520 11
10 0 4 6 157 209 10
12 0 8 6 181 258 11
11 1 1 6 370 392 16
16 1 3 6 121 133 14
12 1 5 6 119 90 13
14 1 7 6 134 177 13
13 1 9 6 156 260 13
12 1 13 6 148 134 14
Values of 10*Fobs and 10*Fcalc
H K L Fobs Fcalc SigF H K L Fobs Fcalc
2 2 6 312 297 15 3 4 7 125 82
2 4 6 228 224 9 3 10 7 168 146
2 8 6 244 331 14 3 14 7 195 196
2 16 6 159 227 13 4 CJ 7 133 113
y
0 1 6 279 213 16 5 8 7 147 147
3 3 6 256 301 14 5 10 7 149 147
3 j 6 128 144 14 j 16 7 114 103
3 7 6 138 106 15 6 7 7 136 118
3 9 6 256 267 12 6 9 7 204 240
3 15 6 296 345 12 7 2 7 221 303
3 17 6 151 168 14 7 4 7 341 315
4 14 6 182 158 12 7 6 7 305 241
4 16 6 126 137 16 7 8 7 192 190
5 1 6 283 230 15 7 10 7 142 158
5 3 6 139 165 14 8 3 7 145 195
5 7 6 157 136 15 8 5 7 188 223
5 9 6 226 186 14 8 11 7 17B 231
6 4 6 125 109 17 8 13 7 156 155
6 10 6 208 165 13 9 4 7 178 230
7 1 6 233 306 16 10 11 7 198 132
7 5 6 258 225 11 13 2 7 147 210
7 9 6 215 204 13 13 4 7 135 116
7 11 6 137 198 19 13 8 7 315 273
7 13 6 195 195 14 14 3 7 211 168
8 6 6 292 299 18 14 7 7 219 182
8 12 6 205 205 14 0 0 8 1154 11B3
8 14 6 165 162 15 0 2 8 396 321
9 7 6 129 160 21 1 1 8 288 223
10 2 6 250 207 12 1 7 8 174 198
10 12 6 261 250 16 1 9 8 174 282
10 14 6 150 206 16 2 8 8 154 164
11 9 6 136 99 21 3 1 8 234 256
12 2 6 191 140 13 3 9 8 202 251
12 8 6 197 222 16 5 1 8 364 328
13 7 6 203 169 15 5 9 8 198 165
14 2 6 191 172 13 6 4 8 150 118
15 7 6 153 172 20 6 10 8 223 176
16 2 6 186 180 14 7 5 8 197 204
16 4 6 165 197 17 7 9 8 215 226
0 1 7 379 306 18 7 13 8 156 152
0 3 7 211 213 13 8 6 8 186 183
0 15 7 125 157 15 10 2 8 200 236
1 8 7 275 202 12 0 9 9 154 143
1 10 7 165 274 14 3 2 9 158 153
1 16 7 181 206 12 5 10 9 171 132
2 1 7 257 319 16 6 9 9 210 186
2 3 7 352 331 16 7 8 9 235 179
2 7 7 149 77 16 9 4 9 148 144
2 9 7 257 208 11 0 0 10 206 326
2 15 7 189 196 13 1 3 10 164 180
Page 4
H K L Fobs Fcalc SigF H K L Fobs Fcalc SigF
2 2 10 185 208 20
8 2 10 138 141 18
SigF
19
15
12
19
18
18
18
21
15
14
17
14
16
19
21
15
17
17
15
16
16
19
14
12
16
16
19
16
15
15
17
17
15
18
16
21
14
15
15
17
17
15
18
21
17
15
15
19
21
22
E9
APPEHDIX F
Full Tables & Structure Factors 
for EUT^BHPP2*-
Contents Page No
Positional Parameters F2
Bond Distances F3
Bond Angles F3
Least-squares planes F4
FoFc F5
FI
A to i X y I
2N 0.000 0.000 0.500 6 .4 0 (8 )
Ft 0.000 0 .235 6 (7 ) 0 .3 4 4 (1 ) 1 7 .0 (7 )
F2 0 .048 7(6 ) 0 .16 3 6 (6 ) 0 .2 5 7 (1 ) 1 5 .0 (4 )
0(N) 0.000 0.000 0 .1 6 1 (1 ) 3 .7 (3 )
01 0 .316 8(3 ) 0 .317 0.000 8 .8 (3 !
02 0.000 0 .07 0 6 (7 ) 0 .4 0 0 (1 ) 9 .4 (5 )
03 -0 .0 3 3 (1 ) 0 .1 5 2 (1 ) 0 .4 9 5 (2 ) 10 .5 (7 )
04 -0 .1 1 6 9 (9 ) 0.000 0 .2 7 9 (1 ) 1 3 .1 (7 )
N1 0.000 0.10 4 7 (5 ) 0 .009 9 (8 ) 2 .1 (2 )
C3 0 .034 0(4 ) 0 .20 2 9 (5 ) -0 .0 5 7 2 (8 ) 3 .1 (2 )
C4 0 .056 3 (4 ) 0 .140 5(4 ) -0 .0 1 6 0 (7 ) 2 .2 (2 )
C5 0 .12 0 5 (4 ) 0.120 0.000 2 .3 (2 )
C2I 0 .172 8 (4 ) 0.173 0.000 2 .7 (2 )
C22 0 .164 3(5 ) 0 .2 31 0 (4 ) 0 .059 6 (8 ) 3 .1 (2 )
C23 0.212 6(5 ) 0 .279 9 (4 ) 0 .059 8(9 ) 3 .9 (2 )
C24 0 .200 1(7 ) 0 .3 4 2 5 (6 ) 0 .1 2 8 (1 ) 7 .1 (4 )
C25 0 .1 3 1 (1 ) 0 .34 1 6 (7 ) 0 .1 6 2 (1 ) 1 2 .5 (6 )
C26 0 .197 (1 ) 0 .4 0 4 0 (7 ) 0 .0 5 1 (2 ) 11 .1 (6 )
C27 0 .2 5 4 (1 ) 0 .353 1 (8 ) 0 .2 1 0 (1 ) 1 3 .1 (5 )
C28 0 .269 2(4 ) 0 .26 9 0.000 4 .5 (2 )
Cl 00 0.000 0 .1 2 7 (1 ) 0 .4 1 2 (2 ) 7 .3 (6 )
C101 0.000 0 .1 7 4 (1 ) 0 .3 2 4 (2 ) 8 .1 (6 )
H(0N) 0.0332 0.000 0.1933 4»
H(N) 0.000 0.0664 0.0820 4*
H3 0.0627 0.2398 -0 .0 8 1 6 3»
H22 0.1230 0.237 5 0.1020 4*
H25C 0.1278 0.3026 0.2303 15*
H25A 0.1255 0.3830 0.2251 15*
H25B 0.0962 0.3394 0.1261 15*
H2&A 0.1889 0.4448 0.0936 14*
H2&B 0.2393 0.4084 0.0109 14*
H26C 0.1599 0.3979 -0 .001 4 14*
H27A 0.2436 0.3940 0.2523 16*
H27B 0.2553 0.3146 0.2599 16*
H27C 0.2971 0.3583 0.1738 16*
ic t e m perature factor - 1.3 x B 1*0 of
Table F.1 Fractional atonic coordinates with e.s.d. in parentheses 
and thermal parameters (A2). The B*q values are calculated 
according to the equation B.<,=A/3EiE jBijai.aj .
F2
Atoi i Atos 2 Distance Atos 1 Atoi 2 Distance Atoi 1 Atoi 2 Distanci
SSZTSSSSI
ZN 02 1.90(2) C22 C23 1.39(1) C22 H22 1.00(1)
FI C101 1.27(3) C23 C24 1.55(2) C25 H25C 1.00(2)
F2 C101 1.32(2) C23 C28 1.39(1) C25 H25A 1.00(2)
01 C28 1.365(8) C24 C25 1.55(2) C25 H258 1.00(2)
02 C100 1.16(2) C24 C26 1.58(2) C26 H26A 1.00(2)
03 C100 1.34(3) C24 C27 1.51(2) C26 H26B 1.00(2)
Nl C4 1.39(1) C100 C101 1.45(3) C26 H26C 1.00(2)
C3 C4 1.44(1) 0(N) H (ON) 0.785(6) C27 H27A 1.01(2)
C4 C5 1.38(1) 02 C100 1.16(2) C27 H27B 1.00(2)
C5 C21 1.502(8) Nl H(N) 1.19(1) C27 H27C 1.00(2)
C21 C22 1.408(9) C3 H3 0.999(9) -
Nutbers in parentheses are estiiated standard deviations in the least significant digits.
Table F.2 Bond distances (A)
Atoa i Atoa 2 Atoa 3 Angle Atoa 1 Atoa 2 Atoa 3 Angle Atoa 1 Atoa 2 Atoa 3 Angle
Nl C4 C3 10 6 .5 (7 ) C23 C24 C27 1 1 2 .(1 ) H25C 025 H25A 1 0 9 .(2 )
Nl C4 C5 12 5 .9 (7 ) C25 C24 C26 1 0 4 .(1 ) H25C 025 H25B 1 1 0 .(2 )
C3 C4 C5 1 2 7 .5 (7 ) C25 C24 027 1 1 1 .(1 ) H25A 025 H25B 1 0 9 .(2 )
04 C5 C21 1 1 7 .3 (4 ) C26 C24 C27 1 1 0 .(1 ) H26A 026 H26B 1 1 0 .(2 )
C5 C21 C22 12 0 .5 (7 ) 01 C28 023 1 1 8 .4 (4 ) H26A 026 H260 1 0 9 .(2 )
C21 C22 C23 1 2 0 .8 (8 ) 02 C100 03 11 8 .(2 ) H26B 026 H26C 110.(21
C22 023 C24 118(1) 02 0100 0101 1 2 4 .(2 ) H27A 027 H27B 1 0 9 .(2 )
C22 C23 C28 11 8 .1 (7 ) 03 C100 0101 1 1 0 .(2 ) H27A 027 H27C 1 0 9 .(2 )
C24 C23 C28 1 2 4 .0 (9 ) F I C101 F2 1 0 7 .(1 ) H27B 027 H27C 1 1 0 .(2 )
C23 C24 C25 1 1 2 .(1 ) F I C101 0100 1 2 0 .(2 )
C23 C24 026 1 0 8 .(1 ) F2 C101 0100 1 1 2 .(1 )
C23 C28 C23 1 2 3 .3 (7 ) F2 C101 F2 9 7 .(2 )
C4 Nl 04 1 1 0 .3 (8 ) C4 Nl H(N) 1 2 1 .1 (5 )
C4 C5 C4 1 2 5 .4 (6 ) C22 C21 022 1 1 9 .1 (7 )
C3 C3 C4 1 0 8 .4 (8 ) 02 ZN 02 1 1 5 .7 (4 )
02 ZN 02 9 7 .6 (7 )
Nuabers in  parentheses are  e s tia a te d  standard d e v ia tio n s  in  the le a s t s ig n if ic a n t  d ig i ts .
Table F.3 Bond angles (*)
F3
The equation of the plane is  of the fo r * :  At* + Bty + C*z -  D s 0 
where A ,8,C  t  0 are  constants and x ,y  it 2 are  orthogo nalized co ord inates.
0.0040 -0.3B 93 -0 .9211  -0 .9364
-0 .433 9  0.4335 -0.789B  -0 .002 0
D istance Esd
-0 .1 2 4 0.010
-0 .1 2 4 0.000
0.124 0.000
0.124 0 .000
Plane No. A B C 0 Atoa
0.0000 0 .0000 -1 .00 0 0  0.0000  Ato*s in  Plane--------
Nl 0 .0000 2.1242 0.1237
N2 0 .0000  -2 .124 7  0.123B
N3 -2 .1 2 4 7  0.0000 -0 .1 23 8
N4 2 .1247 0.0000 -0 .1 23 8
Chi Squared = 0.
--------------------- Other-Atoas----- - - -- - - - - - - - - - - -
C (t)  0 .0000 0.0000 0 .0000 0 .000  0 .000
-0 .01 7 5  -0 .3B 30 -0 .9 23 6  -0.927B   Atoas in  Plane------------------
Nl 0 .0000 2.1242 0.1237 0 .00 0  0 .010
C3 0 .6890  4.1174 -0 .7 1 5 9  0 .0 00  0 .010
C4 1.1426 2.8517 -0 .1 9 9 6  0 .000  0 .008
-------- Atoas in  P lane-----------
Nl 0.0000 2.1242 0 .1237 -0 .0 0 5 0 .010
C3 0.6890 4.1174 -0 .71 5 9 -0 .0 0 4 0.010
C4 1.1426 2.8517 -0 .1 9 9 6 0.015 0.008
C5 2.4443 2.4443 0.0000 -0 .0 0 6 0.000
Squared = 3.
1 ------
C21
-------- Atoas in  Plane-----------
3 .5065 3.5065 0 .0000 0.000 0.004
C22 3.3339 4.6886 0.7453 -0 .00 1 0 .010
C23 4.3142 5.6791 0.7482 0.001 0.010
C28 5.4630 5.4630 0.0000 0.000 0.004
Chi Squared = 0.
---------- --- ---- --- - Other-Atoas--------------------
01 6.4278 6.4278 0 .0000  -0 .0 0 1  0 .003
Dihedral Angles Between Planes:
Plane No. Plane No. D ihedral Angle
1 2 22.54 ♦- 0.41
1 3 22.91 +- 0.37
1 4 37.83 +- 0.37
2 3 1.29 +- 9.79
2 4 55.18 +- 0.52
3 4 5 6 .1 5 + - 0.35
Table F.4 Least-squares planes data
F4
Values of 10*Fobs and 10*Fcalc Page 1
H K L Fobs Fcalc SigF H K L Fobs Fcalc SigF H K L Fobs Fcalc SigF H K L Fobs Fcalc
0 4 0 1116 917 4 10 14 0 127 91 11 5 16 I 570 607 23 3 6 2 237 170
0 6 0 2777 2539 47 10 18 0 121 159 16 6 7 1 642 580 10 3 7 2 246 221
0 8 0 1061 926 25 11 11 0 484 523 12 6 9 1 133 109 15 3 8 2 136 95
0 10 0 211 125 12 11 17 0 198 193 11 6 11 1 312 352 13 3 9 2 842 798
0 12 0 467 436 12 12 12 0 324 368 14 6 12 1 205 208 14 3 10 2 76 54
0 14 0 406 361 14 12 16 0 235 182 27 6 15 1 342 377 15 3 11 2 106 104
0 18 0 559 567 16 13 13 0 376 405 16 7 8 1 249 230 11 3 12 2 79 96
1 1 0 4128 4403 15 13 15 0 195 183 11 7 9 1 159 181 9 3 13 2 163 159
1 5 0 973 1452 6 13 17 0 161 145 18 7 12 1 127 112 8 3 14 2 193 157
1 7 0 1010 1205 10 15 15 0 147 158 11 7 13 1 151 169 8 3 15 2 390 352
1 9 0 770 732 14 16 16 0 199 176 18 7 14 1 168 180 8 3 16 2 168 154
1 13 0 330 323 30 0 1 1 96 139 4 7 16 1 191 194 13 3 17 2 468 468
1 15 0 305 352 14 0 2 1 803 843 23 7 18 1 199 212 12 3 19 OJ. 234 213
1 17 0 422 4B9 16 0 3 1 1061 1303 28 8 11 1 262 331 14 4 4 2 594 655
1 21 0 132 165 14 0 4 1 1233 1327 5 8 13 1 267 285 13 4 5 2 286 231
2 2 0 1333 1212 2 0 5 1 304 104 8 8 14 1 95 102 13 4 6 2 250 168
2 4 0 330 310 6 0 6 1 724 614 7 8 17 I 167 164 14 4 7 2 392 429
2 6 0 677 536 23 0 7 1 409 534 11 8 19 1 200 227 32 4 8 2 140 157
2 8 0 1199 1031 15 0 8 1 133 200 11 9 10 1 274 267 17 4 9 2 147 130
2 10 0 817 707 10 0 9 1 207 211 10 9 12 1 90 92 13 4 10 2 141 118
2 12 0 251 205 18 0 10 1 661 671 30 9 14 1 209 247 11 4 11 2 184 201
2 14 0 399 388 13 0 11 1 484 479 11 10 13 1 233 266 11 4 12 2 160 164
2 16 0 553 651 17 0 12 I 503 503 12 11 16 1 230 234 12 4 13 2 254 275
2 18 0 177 173 11 0 13 1 577 608 14 12 13 1 255 282 20 4 16 2 422 408
2 20 0 251 311 10 0 15 1 177 164 11 12 15 1 407 400 17 5 5 2 881 814
3 3 0 2080 2391 3 0 16 1 305 280 16 12 17 1 144 130 13 5 7 2 124 139
3 5 0 724 526 21 1 2 1 140 180 10 13 14 1 237 235 10 5 8 2 118 93
3 7 0 660 645 12 1 3 1 986 864 6 15 16 1 n o 93 18 5 9 2 407 430
3 9 0 1191 1098 9 1 4 I 1182 1028 20 0 0 2 3351 3240 4 5 10 2 106 102
3 11 0 324 354 18 1 5 1 167 250 9 0 2 2 363 519 7 5 11 2 341 337
3 13 0 439 492 12 1 6 1 689 601 7 0 3 2 3067 3529 62 5 12 2 148 176
3 17 0 403 430 17 I 7 1 263 175 10 0 4 2 731 685 13 5 15 2 233 247
3 19 0 394 375 19 1 9 1 118 136 8 0 5 L 166 212 12 5 16 2 242 264
4 6 0 375 300 8 1 10 1 297 246 13 0 7 2 290 316 11 5 19 2 154 143
4 8 0 453 451 16 1 12 1 345 345 13 0 9 2 223 259 10 6 6 2 286 351
4 10 0 293 297 11 1 13 1 100 103 16 0 10 2 778 780 10 6 7 2 144 39
4 12 0 311 308 12 1 16 1 101 142 15 0 11 2 80 71 12 6 8 2 391 347
4 14 0 258 277 IB 2 3 1 623 752 14 0 12 2 180 152 8 6 10 2 272 289
4 16 0 282 338 14 2 4 1 604 539 18 0 13 2 203 ' 181 22 6 11 2 161 160
5 5 0 1168 1062 7 2 5 1 170 275 23 0 17 2 211 229 12 6 12 2 110 162
5 7 0 277 206 13 2 6 1 159 78 15 0 IB 2 270 285 12 6 14 2 224 233
5 9. 0 457 425 10 2 7 1 413 518 9 0 19 2 224 190 15 7 7 2 424 355
5 11 0 355 360 13 2 8 1 201 209 11 0 22 2 150 185 12 7 8 2 170 87
5 15 0 170 213 9 2 9 I 562 461 10 1 1 2 1096 1325 4 7 9 2 389 413
5 17 0 269 249 22 2 12 1 189 178 9 1 2 2 306 189 6 7 10 2 82 143
5 19 0 156 182 19 2 13 1 95 112 12 1 3 2 334 165 8 7 11 2 89 104
6 6 0 . 164 152 9 2 17 I 138 1B9 16 1 5 2 131 192 7 7 16 2 126 157
6 8 0 377 222 23 2 21 1 161 171 11 1 6 2 364 353 9 7 17 2 149 143
6 10 0 213 287 11 3 4 1 220 266 10 1 7 2 701 626 8 7 19 2 252 251
6 12 0 122 137 8 3 5 1 176 264 9 1 8 2 236 222 11 8 8 2 316 331
6 14 0 210 249 10 3 6 1 111 144 7 1 9 2 362 360 10 8 10 2 196 189
6 16 0 221 242 12 3 8 1 553 436 10 1 15 2 252 258 15 8 14 2 142 146
6 18 0 165 136 14 3 9 1 659 638 9 1 16 2 123 128 14 8 16 2 200 176
7 7 0 808 728 11 3 10 1 629 622 9 2 2 2 1527 1428 5 8 18 2 310 303
7 9 0 904 842 19 3 12 1 403 419 11 2 3 2 822 946 6 9 9 2 195 183
7 11 0 99 57 15 3 13 1 345 353 15 2 4 2 365 336 16 9 11 2 180 187
7 15 0 169 195 9 3 15 1 135 149 12 2 5 2 260 302 16 9 12 2 171 153
7 17 0 326 295 16 3 IB 1 389 386 35 2 6 2 389 411 10 9 16 2 128 106
7 19 0 295 301 13 3 20 1 149 179 15 2 7 2 431 403 9 9 17 2 197 189
8 8 0 1004 861 11 4 5 1 97 112 8 2 8 2 723 686 9 10 10 2 387 383
8 10 0 280 318 11 4 6 1 301 257 11 2 10 2 176 182 8 10 12 2 176 181
B 12 0 84 102 11 4 9 1 477 456 18 2 13 2 154 183 17 10 13 2 229 250
8 14 0 193 227 12 4 10 1 237 231 16 2 14 2 463 445 18 11 11 2 447 444
8 16 0 331 317 16 4 11 1 256 247 11 2 16 2 285 275 16 12 12 2 372 377
8 IB 0 306 371 16 4 13 1 366 359 21 2 18 2 267 211 11 12 13 2 156 146
9 9 0 632 57B 12 4 17 1 530 538 52 2 19 2 237 227 11 12 14 2 121 123
9 11 0 375 401 11 5 6 1 303 254 11 2 20 2 288 307 30 13 13 2 249 218
9 17 0 270 246 22 5 8 1 466 447 23 3 3 2 1409 1388 6 13 15 2 167 151
10 10 0 617 684 12 5 12 1 92 64 10 3 4 2 517 494 7 13 17 2 99 62
10 12 0 238 285 18 5 14 1 290 290 13 3 5 2 499 378 8 14 16 2 106 118
Table F.5 Structure factor tables (FoFc)
F5
SigF
13
12
13
32
12
9
13
11
14
29
12
19
19
7
9
12
18
6
9
7
22
9
15
19
8
8
8
31
7
11
10
19
12
14
12
11
11
23
8
14
17
12
10
11
13
11
17
24
12
11
8
14
30
15
11
9
10
IB
13
14
11
15
15
17
15
19
12
15
16
17
H K L Fobs Fcalc SigF H K L Fobs Fcalc SigF
0 1 3 1569 1367 37 5 16 3 426 424 20
0 2 3 981 822 45 5 19 3 155 152 21
0 3 3 1200 1239 29 6 7 3 1056 983 14
0 4 3 193 128 8 6 8 3 285 252 12
0 5 3 84 100 9 6 9 3 343 334 12
0 6 3 2011 2071 69 6 10 3 286 258 13
0 7 3 274 295 11 6 11 3 428 429 12
0 8 3 399 291 16 6 15 3 529 487 43
0 9 3 647 566 34 7 8 3 350 396 15
0 10 3 70S 652 10 7 10 3 221 203 12
0 11 3 474 485 11 7 12 3 202 215 13
0 12 3 244 232 12 7 13 3 269 280 21
0 16 3 117 140 14 7 14 3 337 337 15
0 19 3 127 138 14 7 17 3 185 173 15
0 20 3 104 152 15 7 18 3 142 168 16
0 22 3 143 149 13 8 9 3 116 129 10
1 2 3 616 621 12 8 13 3 416 401 19
1 3 3 142 130 7 8 16 3 261 251 15
1 4 3 732 696 25 9 12 3 235 232 16
1 5 3 713 686 7 9 13 3 188 228 12
1 6 3 954 943 62 9 14 3 359 283 38
1 7 3 B22 741 9 9 15 3 241 242 12
1 8 3 98 54 9 9 17 3 154 153 15
1 10 3 135 131 9 10 13 3 263 246 19
1 11 3 279 294 12 10 16 3 183 165 15
1 12 3 434 410 12 11 14 3 211 188 14
1 13 3 150 164 10 11 16 3 206 225 14
1 14 3 171 176 9 12 15 3 336 321 18
1 17 3 185 166 13 12 16 3 147 128 16
2 3 3 1487 1415 23 13 14 3 244 197 12
2 4 3 841 859 7 13 15 3 184 146 17
2 5 3 810 741 31 0 0 4 3267 3217 7
2 6 3 126 128 18 0 3 4 711 653 19
2 7 3 1175 1182 8 0 4 4 323 392 9
2 8 3 108 78 15 0 5 4 226 165 10
2 9 3 365 326 16 0 6 4 665 584 7
2 11 3 284 297 12 0 7 4 558 610 15
2 13 3 348 343 15 0 8 4 204 160 10
2 15 3 142 136 19 0 9 4 461 494 10
2 16 3 176 152 19 0 10 4 144 149 8
3 4 3 803 746 18 0 11 4 241 201 28
3 5 3 1124 989 21 0 14 4 177 169 9
3 & 3 392 429 9 0 15 4 326 319 15
3 7 3 522 530 8 0 16 4 189 194 16
3 8 3 554 620 9 0 17 4 177 180 21
3 9 3 183 222 9 0 18 4 271 253 17
3 10 3 283 305 12 0 19 4 195 190 12
3 11 3 276 239 13 1 1 4 1743 1660 7
3 12 3 212 209 11 1 2 4 107 70 8
3 13 3 215 171 27 1 3 4 892 724 10
3 14 3 252 255 34 1 4 4 867 779 19
3 16 3 253 271 17 1 5 4 178 240 24
3 18 3 297 292 30 1 7 4 678 758 14
4 5 3 . 646 658 22 1 9 4 141 91 9
4 6 3 88 93 9 1 14 4 1B3 180 10
4 7 3 497 505 9 1 17 4 115 104 16
4 8 3 170 192 8 1 19 4 154 149 11
4 9 3 354 410 17 2 2 4 626 509 8
4 10 3 358 397 11 2 4 4 575 642 10
4 11 3 162 155 7 2 5 4 422 444 9
4 13 3 450 478 36 2 6 4 796 728 8
4 15 3 208 224 12 2 7 4 313 281 10
4 17 3 443 448 37 2 8 4 625 539 13
5 6 3 808 792 9 2 9 4 120 117 12
5 8 3 652 591 16 2 10 4 211 256 10
5 9 3 220 244 11 2 11 4 246 273 11
5 10 3 234 268 14 2 13 4 231 268 13
5 11 3 154 181 8 2 14 4 247 221 13
5 12 3 235 258 30 2 15 4 237 247 9
5 14 3 396 340 24 2 19 4 135 149 11
K L Fobs Fcalc SigF H K L Fobs Fcalc SigF
20 4 153 195 9 0 10 5 109 129 11
4 4 388 379 9 0 11 5 156 167 10
5 4 620 458 16 0 15 5 213 207 10
6 4 475 435 9 0 20 5 87 156 9
7 4 579 680 9 1 2 5 472 374 9
9 4 620 636 16 1 4 5 626 656 10
10 4 285 223 13 1 6 5 166 215 9
11 4 193 160 11 1 7 5 256 236 11
12 4 472 476 15 1 9 5 249 275 14
17 4 251 260 34 1 12 5 195 173 10
4 4 151 234 9 1 13 5 132 118 13
5 4 362 288 9 1 15 5 160 181 12
6 4 274 230 10 2 3 5 182 184 9
8 4 357 322 14 2 4 5 657 644 9
9 4 190 161 10 2 5 5 279 278 IB
10 4 262 282 25 2 6 5 358 375 18
11 4 118 163 11 2 7 5 274 237 11
12 4 156 148 11 2 8 5 170 231 19
16 4 370 304 43 2 9 5 127 146 8
5 4 510 605 8 2 10 5 307 278 14
6 4 339 411 9 2 11 5 256 301 35
8 4 110 78 9 2 12 5 290 260 19
9 4 203 160 14 3 5 5 476 511 14
10 4 83 74 13 3 6 5 486 525 9
11 4 258 282 12 3 7 5 115 104 8
12 4 106 106 14 3 9 5 154 181 9
15 4 321 299 17 3 10 5 287 261 13
16 4 335 309 43 3 11 5 284 253 20
6 4 297 263 9 3 12 5 108 122 14
8 4 197 213 8 3 16 5 210 218 12
10 4 147 113 10 3 18 5 171 196 19
11 4 186 195 10 4 5 5 296 339 17
13 4 151 126 21 4 7 5 547 480 11
14 4 373 338 18 4 9 5 229 211 12
15 4 279 241 15 4 15 5 1B4 188 18
18 4 14B 129 21 4 17 5 270 280 40
7 4 107 67 8 5 6 5 646 617 24
9 4 330 305 14 5 7 5 265 263 13
10 4 206 205 12 5 8 5 393 380 17
11 4 125 157 16 5 12 5 146 129 17
12 4 268 259 21 5 14 5 217 184 15
13 4 324 316 16 5 16 5 148 135 IB
15 4 175 145 23 6 7 5 282 266 12
16 4 223 195 13 6 9 5 354 341 13
17 4 175 136 20 6 10 5 173 163 22
19 4 135 153 11 6 11 5 271 219 11
8 4 500 501 12 6 15 5 237 212 13
10 4 340 274 16 7 8 5 424 429 13
14 4 127 B6 17 7 9 5 107 118 15
IB 4 238 250 14 7 10 5 223 196 12
9 4 675 598 13 7 13 5 287 243 15
10 4 158 169 11 7 14 5 214 216 16
11 4 194 145 11 7 18 5 165 209 13
12 4 256 285 13 8 13 5 427 378 18
17 4 185 176 14 9 10 5 200 238 13
10 4 673 683 16 9 12 5 256 235 12
14 4 150 151 20 9 13 5 341 300 15
16 4 134 117 18 9 15 5 212 175 15
11 4 516 432 IB 9 17 5 181 1B6 12
14 4 200 140 15 10 12 5 189 173 15
12 4 231 226 12 11 14 5 159 148 17
14 4 140 113 19 12 14 5 143 106 IB
2 5 733 683 9 12 15 5 163 160 18
3 5 184 163 11 0 0 6 1020 963 10
4 5 152 176 7 0 1 6 134 110 8
5 5 1129 1124 9 0 2 6 539 467 12
6 5 245 243 12 0 3 6 539 491 34
7 5 327 352 10 0 5 6 508 552 10
8 CJ 194 170 20 0 6 6 650 668 21
9 cJ 88 54 9 0 7 6 271 307 18
H
2
3
3
3
3
3
3
3
3
3
4
4
4
4
4
4
4
4
4
5
5
5
5
5
5
5
S
5
6
6
6
6
6
6
6
6
7
7
7
7
7
7
7
7
7
7
8
8
8
8
9
9
9
9
9
10
10
10
11
11
12
12
0
0
0
0
0
0
0
0
F6
Values of 10»Fobs and 10*Fcalc Page 3
H K L Fobs Fcalc SigF H K L Fobs Fcalc SigF
0 8 6 641 643 31 9 9 6 716 740 15
0 9 6 157 170 22 9 12 6 289 307 18
0 10 6 137 170 9 9 13 6 173 134 17
0 11 6 271 220 14 9 17 6 168 181 12
0 12 6 355 361 27 10 10 6 346 330 20
0 13 6 155 123 14 10 12 6 467 408 20
0 16 6 376 363 32 10 16 6 144 132 14
0 18 6 189 221 15 10 17 6 146 145 14
1 1 6 575 611 10 11 11 6 713 638 19
1 3 6 132 191 8 13 14 6 113 109 16
I 4 6 104 61 9 0 1 7 186 180 12
1 5 6 377 393 11 0 2 7 203 208 14
1 6 6 598 572 13 0 3 7 164 133 10
1 7 6 383 425 21 0 4 7 368 343 11
1 9 6 401 415 12 0 5 7 768 812 34
1 10 6 167 171 22 0 6 7 326 353 13
1 11 6 205 203 14 0 7 7 201 191 11
1 13 6 191 178 13 0 13 7 191 184 13
I 15 6 167 127 25 0 14 7 244 240 13
1 17 6 219 231 11 0 15 7 243 210 14
2 2 6 297 301 11 0 17 7 202 198 12
2 3 6 202 238 8 1 2 7 235 233 17
2 4 6 409 356 10 1 3 7 296 295 12
2 5 6 282 332 11 1 4 7 594 629 11
2 6 6 219 191 10 1 8 7 155 151 11
2 8 6 454 475 15 1 16 7 138 127 18
2 9 6 132 166 12 1 17 7 133 123 18
2 10 6 167 114 9 2 3 7 131 164 9
2 12 6 111 140 17 2 5 7 189 164 11
2 14 6 210 209 13 2 6 7 140 139 8
3 3 6 683 687 9 2 7 7 104 98 11
3 4 6 399 374 21 2 12 7 242 223 13
3 6 6 210 250 16 2 15 7 195 196 16
3 7 6 481 502 11 3 4 7 138 133 7
3 9 6 341 314 14 3 5 7 83 90 11
3 12 6 218 184 14 3 6 7 310 321 12
3 13 6 328 287 15 3 9 7 233 200 13
4 4 6 900 904 9 3 11 7 356 305 15
4 5 6 231 239 11 3 12 7 181 187 13
4 6 6 133 111 8 3 16 7 183 224 13
4 7 6 355 365 14 4 5 7 560 599 31
4 8 6 514 485 13 4 7 7 161 149 9
4 10 6 305 240 14 4 8 7 266 265 21
4 11 6 182 17B 11 4 10 7 170 172 18
4 12 6 367 353 46 4 17 7 117 190 9
5 5 6 712 736 10 5 6 7 293 263 13
5 6 6 298 261 13 5 7 7 168 159 9
5 7 6 244 259 17 5 8 7 314 302 23
5 8 6 312 282 14 6 7 7 300 347 16
5 9 6 301 269 13 6 a 7 132 101 14
J 10 6 135 140 13 6 9 7 184 186 14
5 11 6 405 359 31 7 10 7 137 122 17
5 12 6 150 173 15 7 14 7 174 203 23
5 13 6 366 329 17 7 17 7 149 123 13
6 6 6 674 698 11 7 18 7 164 126 18
6 7 6 96 116 13 8 13 7 254 252 15
6 10 6 265 324 14 9 10 7 375 353 44
6 12 6 407 346 IB 9 12 7 226 212 25
6 13 6 192 150 13 9 17 7 144 126 18
6 18 6 164 184 13 0 0 8 590 564 12
7 7 6 297 314 14 0 2 8 517 551 11
7 10 6 343 376 19 0 3 8 186 221 9
7 11 6 414 403 18 0 4 8 277 286 20
7 12 6 329 309 14 0 6 8 359 360 38
7 17 6 212 224 14 0 8 8 225 200 14
8 8 & 449 447 15 0 9 8 209 210 17
8 10 6 229 231 17 0 12 8 199 238 13
8 13 6 118 99 20 0 13 6 138 117 15
8 15 6 162 164 15 0 16 8 289 304 18
8 18 6 181 188 11 1 1 8 614 648 11
F7
K L Fobs Fcalc SigF H K I Fobs 1Fcalc SigF
2 8 163 154 8 0 2 10 322 348 14
6 8 122 93 11 0 3 10 152 121 10
7 8 458 456 14 0 4 10 155 236 13
8 8 222 225 31 0 5 10 169 181 11
13
17 1 » nt 15 * HI at a H
2 8 248 280 12 0 8 to 297 293 16
5 8 170 158 9 0 12 10 155 149 13
6 8 167 165 9 1 1 10 319 396 14
7 8 203 197 30 1 7 10 270 274 24
8 8 431 398 16 1 9 10 152 126 16
14 8 167 160 13 2 2 10 232 246 11
16 8 125 145 17 2 8 10 155 166 15
3 8 179 212 9 3 3 10 202 221 11
7 8 335 313 15 3 5 10 135 140 13
9 8 195 193 13 3 8 10 204 176 13
13 8 270 261 33 3 10 10 191 204 15
4 8 92 100 11 4 5 10 170 175 12
8 8 321 311 15 4 9 10 246 253 13
12 8 315 301 19 5 6 10 151 157 18
7 8 161 191 11 6 6 10 182 195 18
9 8 199 205 27 7 7 10 184 168 19
11 8 133 143 17 7 13 10 150 182 15
6 8 251 235 10 8 8 10 167 189 20
B 8 292 268 15 9 9 10 377 364 18
7 8 383 402 19 10 10 10 165 182 13
9 8 342 318 17 11 11 10 316 274 13
11 8 178 164 19 0 3 11 166 178 27
13 8 126 143 18 0 5 11 370 357 20
8 8 303 230 11 0 8 11 261 243 34
10 8 365 306 16 1 4 11 245 234 13
12 8 215 201 14 1 6 11 163 107 23
9 6 808 730 21 I 14 11 129 93 20
10 8 187 185 16 2 4 11 113 119 16
12 8 220 230 11 2 5 11 125 101 18
11 8 395 405 18 2 6 11 146 162 18
1 9 284 303 13 3 6 11 185 149 18
3 9 232 218 12 5 6 11 213 171 15
5 9 493 545 15 8 9 11 129 109 19
13 9 154 147 14 9 10 11 165 155 22
2 9 207 169 13 0 0 12 439 455 17
4 9 . 416 492 14 0 2 12 233 249 12
6 9 200 209 11 0 6 12 209 212 12
10 9 221 187 32 0 8 12 196 209 12
14 9 122 131 13 1 1 12 356 360 14
3 9 326 363 13 1 7 12 230 237 15
4 9 98 138 12 2 3 12 137 145 16
5 9 190 245 9 2 6 12 176 152 15
7 9 132 122 16 2 8 12 177 169 24
9 9 242 204 14 3 4 12 145 163 17
11 9 310 296 41 4 4 12 131 133 19
15 9 219 282 9 5 5 12 140 120 18
6 9 364 418 24 6 6 12 160 147 19
10 9 285 277 38 B 8 12 253 172 22
14 9 193 181 15 0 3 13 119 146 14
5 9 261 332 17 0 4 13 109 113 15
7 9 227 245 10 0 0 14 399 364 19
15 9 180 165 12 1 1 14 213 159 22
8 9 250 229 15
10 9 152 116 16
14 9 110 118 12
7 9 188 181 19
9 9 379 321 32
15 9 206 189 13
8 9 223 225 16
12 9 146 104 19
14 9 298 285 22
13 9 250 259 12
12 9 183 213 12
0 10 239 290 15
H
1
1
1
1
1
1
2
2
2
2
2
2
2
3
3
3
3
4
4
4
5
5
5
6
&
7
7
7
7
8
0
B
9
10
10
11
0
0
0
0
1
1
1
1
1
2
2
2
2
2
2
2
3
3
3
4
4
4
5
5
5
6
6
6
7
7
7
8
9
0
APPENDIX G
Full Tables & Structure Factors 
for HhOZnTPP
Contents Page No
Positional Parameters G2
Bond Distances G3
Bond Angles G3
Least-squares planes G4
FoFc G5
G1
Atoa V y 2 B.e,
2N 1 . 0 0 0 1 . 0 0 0 1.0179(1) 2.252(6)
0 1 . 0 0 0 1 . 0 0 0 0.24BG) 6.0(2)
N 0.8521(2) 0.9642(2) 1 . 0 0 0 2.35(7)
Cl 0.8123(3) 0.8699(3) 1 . 0 0 0 3.02(8)
C2 0.7052(3) 0.8770(3) 1 . 0 0 0 3.57(9)
C3 0.6815(3) 0.9741(3) 1 . 0 0 0 3.64(9)
C4 0.7737(3) 1.0294(3) 1 . 0 0 0 2.99(8)
C5 0.7808(3) 1.1338(3) 1 . 0 0 0 2.94(8)
C21 0.6850(3) 1.1916(3) 1 . 0 0 0 2.94(8)
C22 0.6397(3) 1.2179(3) 1.1209(4) 4.93(8)
C23 0.5507(3) 1.2708(3) 1.1202(5) 5.68(9)
C24 0.5075(3) 1.2967(4) 1 . 0 0 0 4.5(1)
H2 0.6573 0.8183 1 . 0 0 0 0 5*
H3 0.6117 1.0034 I . 0000 5*
H22 0.6711 1.1981 1.2115 5*
H23 0.5174 1.2888 1.2113 5*
H24 0.4420 1.3356 1 . 0 0 0 0 5*
t Isotropic temperature factor not refined
Table G.1 Fractional atonic coordinates with e.s.d. in parentheses 
and B«q thermal parameters (A2). The Bwd values are calculated 
according to the equation B.c,='*/3EjBijaA.a4.
G2
Atoal Atoa2 Distance Atoa1 Atoa2 Distance Atoal Atoe2 Distance
IN 0 2 .228 (12 )
IN N 2 .050 (3 )
N Cl 1 .374 (5 )
N C4 1.369(5)
Cl C2 1 .441 (6)
C2 C3 1.341(6!
C2 H2 1 .017 (4 )
C3 C4 1 .44 3 (6 )
C3 H3 1 .017 (4 !
C4 C5 1.405 (6 )
C5 C21 1 .50 2 (6 )
C21 C22 1 .367 (4 )
C22 C23 1 .390 (5 )
C22 H22 1 .010 (4 )
C23 C24 1 .347 (5 )
C23 H23 1 .01 9 (4 )
C24 H24 1 .02 3 (4 )
Nuabers in  parentheses are es tia a te d  standard d e v ia tio n s  in  the le a s t s ig n if ic a n t  d ig i ts .
Table G.2 Bond distances <A>
Atoal Atoa2 Atoa3 Angle A toal Atoa2 Atoa3 Angle Atoal Atoa2 Atoa3 Angle
===== srrrs ===== rsrsc z z z z z = ==== = = === ===== ===== ===== =====
0 ZN N 9 4 .8 4 (4 ) C2 C3 H3 12 6 .6 (4 ) C21 C22 C23 1 2 0 .7 (4 )
Cl N C4 106 .8 (3 ) C4 C3 H3 1 2 6 .2 (4 ) C21 C22 H22 1 1 9 .5 (3 )
N Cl C2 109 .1 (4 ! H C4 C3 1 0 9 .3 (4 ) C23 C22 H22 1 1 9 .8 (4 )
Cl C2 C3 107 .5 (4 ) N C4 C5 125 .8 (4 ) C22 C23 C24 1 2 0 .4 (4 )
Cl C2 H2 12 5 .4 (4 ) C3 C4 C5 124 .9 (4 ) C22 C23 H23 1 1 9 .6 (4 )
C3 C2 H2 127 .1 (4 ) C4 C5 C21 11 7 .2 (3 ) C24 C23 H23 1 2 0 .0 (4 )
C2 C3 C4 10 7.2 (4) C5 C21 C22 121 .0 (2 ) C23 C24 H24 1 2 0 .1 (2 )
Nuabers in  parentheses are e s tiaa te d  standard d ev ia tio n s  in  the  le a s t s ig n if ic a n t  d ig i ts .
Table G.3 Band angles <*)
G3
The equation of the plane is  of the fo r * :  fltx ♦ B*y + C»z -  D = 0 
where A ,8,C  & D are constants and x ,y  it z are orthogo nalized  co ord inates.
Plane No. A B C D Ato* x y z D istance Esd
0 .0000 0 .0000 -1 .000 0  -9 .6934
N 11.4399 12.9453 9.6934 0 .000 0 .000
Cl 10.9056 11.6794 9.6934 0.000 0.000
C2 9.4673 11.7741 9.6934 0.000 0.000
C3 9.1493 13.0772 9.6934 0.000 0.000
C4 10.3870 13.8196 9.6934 0.000 0.000
C5 10.4825 15.2217 9.6934 0.000 0.000
Squared = H I H H
-------------- gther ftt0B5--------------
IN 13.4254 13.4254 9 .8665  -0 .1 7 3  0.001
-0 .50 9 9  -0 .8 6 0 2  -0 .00 4 0  -18 .4891
C21
-------- Atoas in  P lane-----------
9.1966 15.9974 9.6934 0.000 0.004
C22 8.5881 16.3510 10.8656 0.001 0.004
C23 7.3933 17.0614 10.B584 -0 .001 0.004
C24 6.8138 17.4086 9.6934 0.000 0.005
Squared =
0.0000 0 .0000 -1 .0 0 0 0  -9 .69 3 4 --- - - - - - - - - - - -Atoas in  Plane-----------
N 11.4399 12.9453 9.6934 0.000 0.000
Cl 10.9056 11.6794 9.6934 0.000 0.000
C2 9.4673 11.7741 9.6934 0.000 0.000
C3 9.1493 13.0772 9.6934 0.000 0.000
C4 10.3870 13.8196 9.6934 0.000 0.000
Chi Squared = 0 .
- -- - - - - - - - - - - - - - - - - - - Other Atoas--------------------
ZN 13.4254 13.4254 9 .8665  -0 .1 7 3  0.001
Dihedral Angles Between Planes:
Plane No. Plane No. D ihedral Angle
1 2 89 .8
1 3 0 .0
2 3 89 .8
Table G.4 Least-squares planes data
G4
Values of 10*Fobs and 10*Fcalc
H K L Fobs Fcalc H K L Fobs Fcalc H K I
0 2 0 530 489 10 2 0 514 522 6 9 1
0 4 0 1164 1137 10 4 0 50 30 6 11 1
0 6 0 1147 1158 10 6 0 59 65 6 13 1
0 8 0 371 357 10 B 0 380 406 7 2 1
0 10 0 290 303 10 10 0 292 294 7 4 1
0 12 0 115 129 11 1 0 0* 25 7 6 1
0 14 0 216 218 11 3 0 212 197 7 8 1
1 1 0 1036 1011 11 5 0 20* 45 7 10 1
i 3 0 469 406 11 7 0 396 396 7 12 1
1 5 0 650 686 11 9 0 172 161 8 1 1
1 7 0 269 264 12 2 0 336 330 8 3 1
1 9 0 94 103 12 4 0 337 331 8 5 1
1 11 0 0* 30 12 6 0 243 238 8 7 1
1 13 0 353 350 12 8 0 88 77 8 9 1
1 15 0 133 129 13 1 0 272 283 8 11 1
2 2 0 657 606 13 3 0 302 302 8 13 1
2 4 0 981 988 13 5 0 198 205 9 2 1
2 b 0 441 368 13 7 0 76 78 9 4 1
2 8 0 480 483 14 2 0 185 191 9 6 1
2 10 0 269 275 14 4 0 168 156 9 8 1
2 12 0 410 423 14 6 0 96 90 9 10 1
2 14 0 192 191 15 1 0 92 79 9 12 1
3 1 0 1706 1651 15 3 0 208 190 10 I I
T0 3 0 445 451 0 1 1 1014 985 10 3 1
3 5 0 761 862 0 3 1 427 478 10 5 1
3 7 0 340 333 0 5 1 412 450 10 7 1
3 9 0 494 502 0 7 1 587 561 10 9 1
3 11 0 190 184 0 9 1 473 485 10 11 1
3 13 0 160 156 0 11 1 48* 48 11 2 1
3 15 0 120 115 0 13 1 160 143 11 4 1
4 2 0 820 774 0 15 1 61 55 11 6 1
4 4 0 120 116 1 2 1 897 809 11 8 1
4 b 0 811 798 1 4 1 186 183 11 10 1
4 8 0 419 408 1 6 1 753 727 12 1 1
4 10 0 80 93 1 8 1 473 478 12 3 1
4 12 0 135 126 1 10 1 29* 34 12 5 1
4 14 0 164 179 1 12 1 207 207 12 7 1
5 1 0 727 705 1 14 1 119 104 12 9 1
5 3 0 1069 1061 2 3 1 1265 1243 13 2 1
5 5 0 453 492 2 5 1 37* 53 13 4 1
5 7 0 356 342 2 7 1 611 624 13 6 1
5 9 0 603 610 2 9 1 133 137 13 8 1
5 11 0 123 120 2 11 1 198 185 14 1 1
5 13 0 323 348 2 13 1 424 435 14 3 1
6 2 0 642 604 2 15 1 111 116 14 5 1
6 4 0 306 311 3 2 1 386 431 15 2 1
6 6 0 476 468 3 4 1 609 593 0 2 2
b 8 0 227 220 3 6 1 89 70 0 4 2
b 10 0 666 686 3 B 1 358 353 0 6 2
b 12 0 59 39 3 10 1 131 132 0 8 2
b 14 0 119 113 3 12 I 357 363 0 10 2
7 1 0 456 454 3 14 1 155 154 0 12 2
7 3 0 58 69 4 1 1 339 294 0 14 2
7 5 0 289 285 4 3 1 550 55B 1 1 2
7 7 0 342 342 4 J 1 603 531 1 3 2
7 9 0 153 156 4 7 1 747 711 1 5 2
7 11 0 39* 28 4 9 1 178 178 1 7 2
7 13 0 75 64 4 11 1 105 104 1 9 2
B 2 0 43* 57 4 13 1 209 205 1 11 2
B 4 0 673 669 5 2 1 594 622 1 13 2
8 b 0 213 215 5 4 1 427 403 1 15 2
B B 0 35* 68 5 6 1 324 334 2 2 2
8 10 0 44* 58 5 8 1 837 833 2 4 2
B 12 0 82 80 5 10 J 209 210 2 8 2
9 1 0 800 775 rJ 12 \ 131 130 2 10 2
9 3 0 canJ l l 512 er 14 1 134 128 2 12 2
9 c 0 177 6 1 1 563 527 2 14 2
9 T '/ 0 203 2 1 2 6 3 1 903 842 3 I 2
9 9 o 15B 163 6 3 ; 541 535 3 J 2
9 ii o 251 277 A / t 3 7 9 381 3 CJ 2
Fobs Fcalc H K L Fobs Fcalc H K L
Page 1 
Fobs Fcalc
508 514 3 7 2 201 236 0 13 3 136 137
56* 46 3 9 2 172 175 1 2 3 620 628
167 1 169 3 11 2 225 228 1 4 3 345 331
346 333 3 13 2 169 179 1 6 3 280 260
434 415 4 2 2 306 271 1 8 3 270 277
147 155 4 4 2 45 56 1 10 3 58 52
110 120 4 6 2 290 266 1 12 3 279 278
103 108 4 B 2 458 446 1 14 3 164 169
147 165 4 10 2 125 145 2 1 3 174 212
106 122 4 12 2 126 134 2 3 3 425 422
420 393 4 14 2 139 140 2 5 3 274 257
15* 43 5 1 2 607 566 2 7 3 185 204
207 204 5 3 2 773 743 2 9 3 358 362
130 123 5 5 2 254 264 2 11 3 300 305
87 80 5 7 2 549 530 2 13 3 358 372
239 249 5 9 2 560 549 3 2 3 703 719
167 164 5 11 2 66 66 3 4 3 406 394
471 458 5 13 2 270 263 3 6 3 98 92
30* 23 6 2 2 423 400 3 8 3 586 585
332 339 6 4 2 503 469 3 10 3 117 128
211 214 6 6 2 396 370 3 12 3 212 219
69 61 6 8 2 217 216 3 14 3 113 104
337 324 6 10 2 428 423 4 1 3 814 741
396 391 6 12 2 50* 45 4 3 3 112 136
112 120 7 1 2 217 218 4 5 3 101 120
395 405 7 3 2 97 131 4 7 3 526 496
139 133 7 5 2 214 206 4 9 3 95 101
135 129 7 7 2 45* 52 4 11 3 100 106
233 231 7 9 2 103 101 4 13 3 211 212
232 218 7 11 2 21* 18 5 2 3 637 658
38* 39 7 13 2 0* 62 5 4 3 193 193
308 312 8 2 2 48 29 5 6 3 325 341
85 86 8 4 2 402 398 5 8 3 320 311
153 139 8 6 2 24* 42 5 10 3 266 260
323 327 8 8 2 90 94 5 12 3 150 144
260 266 8 10 2 74 77 6 1 3 390 3B2
163 157 8 12 2 58* 75 6 3 3 721 679
156 160 9 1 2 515 474 6 5 3 144 161
296 306 9 3 2 393 389 6 7 3 270 275
244 250 9 5 2 148 141 6 9 3 591 595
145 143 9 7 2 270 269 6 11 3 132 122
138 136 9 9 2 178 180 6 13 3 142 140
178 182 9 11 2 202 202 7 2 3 192 184
164 149 10 2 2 318 328 7 4 3 219 217
118 129 10 4 2 161 154 7 6 3 363 364
119 123 10 6 2 74 62 7 8 ▼ 199 210
83 60 10 8 2 296 320 7 10 3 156 144
536 483 10 10 2 246 241 7 12 3 81 74
960 932 11 1 2 63 66 8 1 0 230 234
253 249 11 3 2 213 202 8 3 3 372 350
357 335 11 5 2 0* 24 8 5 3 220 229
59 60 11 7 2 283 281 8 7 3 264 260
142 134 11 9 2 135 129 8 9 3 0 * 70
678 620 12 2 2 204 217 6 11 3 84 76
63 80 12 4 2 246 262 9 2 3 329 326
294 289 12 6 2 148 143 9 4 3 445 436
396 375 12 8 2 97 97 9 6 T0 145 144
174 162 13 1 n 259 273 9 8 T 192 188
72 71 13 3 2 155 163 9 10 3 197 191
248 238 13 5 2 235 245 10 1 3 396 380
86 99 13 7 2 71 67 10 3 3 203 217
267 245 14 2 2 191 198 10 5 3 245 234
466 431 14 4 2 177 158 10 7 3 338 342
243 240 15 1 2 113 105 10 9 3 177 174
84 83 0 1 3 1462 1441 11 2 VJ n n 237
294 324 0 3 3 300 347 11 4 3 66 60
!7B 179 0 5 3 217 259 11 6 3 130 167
434 335 0 7 3 613 537 11 8 3 319 322
0* 26 0 9 3 263 273 12 1 3 37* 28
177 221 0 11 3 21? 2 1 ? * T 3 • 3 422 421
Table G.5 Structure factor tables (F0FC>
G5
Values o f 10*Fobs and lOtFcalc Page 2
H K L Fobs f-ta lc
12 5 3 275 279
12 7 3 151 154
13 2 3 349 351
13 4 3 209 220
13 6 3 89 86
14 1 3 119 118
14 3 3 171 152
0 0 4 1806 1792
0 2. 4 379 403
0 4 4 39B 394
0 b 4 915 918
0 8 4 218 212
0 10 4 431 434
0 12 4 62 58
0 14 4 81 74
1 1 4 645 638
1 3 4 590 598
1 5 4 220 252
1 7 4 498 498
1 9 4 306 296
1 11 4 48* 70
1 13 4 144 148
2 2 4 263 259
2 4 4 242 264
2 b 4 213 229
2 8 4 164 190
2 10 4 36* 32
2 12 4 211 226
2 14 4 184 180
3 1 4 32* 27
3 3 4 327 305
3 7 4 247 239
3 9 4 29* 32
3 11 4 283 293
3 13 4 204 206
4 2 4 199 191
4 4 4 297 285
4 6 4 82 74
4 8 4 495 490
4 10 4 262 259
4 12 4 177 176
5 1 4 644 630
5 3 4 695 697
5 J 4 193 223
5 7 4 692 685
5 9 4 563 568
5 11 4 43* 45
5 13 4 203 199
6 2 4 334 327
b 4 4 626 605
b 8 4 402 405
b 8 4 262 247
b 10 4 212 214
b 12 4 84 64
7 1 4 193 200
7 3 4 183 198
7 5 4 269 280T 7 4 128 130
7 9 4 71 67
7 11 4 12* 33
a 2 4 52 73
B 4 4 262 271
8 6 4 70 63
8 8 4 146 151
S 10 4 142 127
? 1 4 348 342
9 *? 4 320 314
9 CJ 1 143 154
9 *T1 4 354 346
? 9 4 224
H K L Fobs Fcalc
9 11 4 148 149
10 2 4 205 207
10 4 4 298 283
10 6 4 149 144
10 8 4 232 246
10 10 4 188 201
11 1 4 133 126
11 3 4 260 255
11 5 4 0* 19
11 7 4 186 1B0
11 9 4 110 110
12 2 4 140 144
12 4 4 216 208
12 6 4 83 65
13 1 4 270 287
13 3 4 0* 39
13 5 4 266 275
14 2 4 191 200
0 1 5 914 900
0 3 5 188 225
0 5 5 167 195
0 7 5 423 423
0 9 5 202 207
0 11 5 182 188
0 13 5 93 92
1 2 5 267 261
1 4 5 223 211
1 6 5 244 227
1 8 5 191 202
1 10 5 79 68
1 12 5 216 223
2 1 5 115 151
2 3 5 301 316
2 5 5 236 226
2 7 5 96 117
2 9 5 272 285
2 11 5 243 249
2 13 5 275 295
3 2 5 467 491
3 4 5 294 284
5 6 5 86 79
3 8 5 428 442
3 10 5 115 121
3 12 5 186 167
4 1 5 581 548
4 3 5 94 113
4 J 5 83 81
4 7 5 411 417
4 9 cJ 79 68
4 11 rJ 95 97
4 13 eJ 160 162
5 2 5 429 449
5 4 5 166 163
5 6 J 258 260
5 8 5 195 200
0 10 5 191 189
5 12 5 98 97
6 1 5 258 254
6 3 5 516 506
6 5 5 105 109
6 7 5 183 172
6 9 5 452 453
6 11 5 104 104
7 2 C0 153 158
7 4 J 141 139
7 6 5 267 269
7 8 5 176 134
7 10 cJ 115 116
8 1 J 162 175
g 3 J 253 250
H K L Fobs Fcalc
8 5 5 199 194
8 7 5 220 222
8 9 5 64 60
e l i 5 73 60
9 2 5 248 240
9 4 5 364 363
9 6 5 97 111
9 8 5 134 132
9 10 5 139 139
10 1 5 316 314
10 3 5 162 171
10 5 5 217 209
10 7 5 253 250
10 9 5 126 134
11 2 5 180 193
11 4 5 35* 16
11 6 5 133 128
11 8 5 255 258
12 1 rJ 17* 46
12 3 5 316 323
12 5 5 222 227
13 2 5 274 286
13 4 5 173 183
0 0 6 1217 1271
0 2 6 47 56
0 4 6 235 222
0 6 6 447 457
0 8 6 130 126
0 10 6 189 203
0 12 6 29* 29
1 1 6 306 296
1 3 6 126 135
I 5 6 138 135
1 n/ 6 243 250
1 9 6 130 123
1 11 6 8* 40
2 2 6 25* 26
2 4 6 232 233
2 6 6 0* 16
2 8 6 181 171
2 10 6 35* 17
2 12 6 189 192
3 1 6 190 182
3 3 6 74 74
3 5 6 91 107
3 7 6 132 127
3 9 6 55 46
3 11 6 116 129
4 2 6 167 160
4 4 6 72 73
4 6 6 115 97
4 8 6 243 253
4 10 6 49* 70
4 12 6 97 96
5 1 6 291 283
J 3 6 369 371
5 J 6 106 106
5 7 6 302 312
5 9 6 371 364
5 11 6 57* 29
6 2 6 215 214
6 4 6 268 264
6 6 6 240 241
6 8 6 159 159
6 10 6 246 239
7 1 6 109 116
7 TJ 6 88 94
7 J 6 155 162
7 7 6 0* 13
7 9 6 55* 40
H K L Fobs Fcalc
8 2 6 0* 17
8 4 6 219 222
8 6 6 44* 29
8 8 6 15* 34
8 10 6 45* 33
9 1 6 251 247
9 3 6 207 210
9 5 6 41* 38
9 7 6 167 168
9 9 6 121 119
10 2 6 162 158
10 4 6 91 96
10 6 6 63 52
10 8 6 197 212
11 1 6 41* 23
11 3 6 165 154
11 5 6 15* 13
12 2 6 132 133
12 4 6 167 163
0 1 7 391 393
0 3 7 132 137
0 5 7 217 226
0 7 7 205 206
0 9 7 202 208
0 11 7 39* 55
1 2 7 202 186
1 4 7 46* 33
1 6 7 251 245
1 8 7 159 164
1 10 7 0* 13
2 1 7 21* 35
2 3 7 284 273
2 5 7 41* 38
2 7 7 168 167
2 9 7 75 66
2 11 7 80 79
3 2 7 108 125
3 4 7 180 187
3 6 7 17* 17
3 8 7 148 140
3 10 7 58* 66
4 1 7 200 196
4 3 7 190 191
4 5 7 109 103
4 7 7 297 301
4 9 7 86 88
4 11 7 45* 39
5 2 227 237
5 4 7 193 171
5 6 7 133 148
5 8 7 314 320
5 10 7 106 98
6 1 7 205 212
6 3 7 277 273
6 5 7 195 193
6 7 7 126 121
6 9 7 219 221
7 2 7 83 83
7 4 7 155 146
7 6 7 59 62
7 B 7 0* 34
8 1 7 74 60
8 3 7 150 134
8 5 7 46* 49
8 7 7 39 86
9 2 7 91 96
9 1 7 219 210
9 6 7 27* * n
10 i 7 162 168
IP ■> 7 i ! 169
H K L Fobs Fcalc
10 5 7 91 82
11 2 7 116 107
11 4 7 48* 57
0 0 8 963 1032
0 2 8 33* 34
0 4 8 20B 201
0 6 8 252 268
0 8 B 117 114
0 10 8 90 79
1 1 8 217 212
1 3 8 0* 14
1 5 8 148 159
1 7 8 118 123
1 9 8 23* 29
0i. 2 8 35* 12
2 4 B 244 248
2 6 8 67 79
2 8 8 156 159
2 10 8 78 63
3 1 8 304 303
3 3 8 42* 11
3 5 8 140 152
3 7 8 94 98
3 9 8 134 138
4 2 8 210 196
4 4 8 0* 20
4 6 8 208 197
4 8 8 137 139
CJ 1 8 157 146
rJ 3 8 257 268
3 5 8 95 97
5 7 8 113 120
j 9 8 207 . 207
6 n£ 8 187 180
6 4 8 126 109
6 6 8 156 131
6 8 8 107 90
7 1 6 112 115
7 3 8 36* 43
7 5 8 84 89
7 7 a 108 108
8 2 8 0* 15
8 4 8 201 216
8 6 8 61 45
9 1 8 229 223
9 3 8 177 166
9 5 8 43* 32
10 2 8 166 168
0 1 9 200 198
0 3 9 70 68
0 5 9 125 120
0 7 9 106 98
1 2 9 163 155
1 4 9 0 * 23
1 6 9 169 160
1 8 9 104 115
2 1 9 38* 13
2 3 9 169 179
2 5 9 41* 13
2 7 9 115 123
*0 2 9 42* 40
T 4 9 132 132
3 6 9 36* 21
3 B 9 81 58
4 1 9 119 106
4 3 9 « n t 114
4 5 9 84 109
4 7 9 172 170
5 2 9 120 124
5 4 <? 100 89
G6
Values of 10*Fobs and 10»Fcalc Page' 3
H K L Fobs Fcalc
5 6 9 58* 64
6 1 9 125 116
6 3 9 160 147
6 5 9 143 147
7 2 9 53* 64
7 4 9 104 98
8 1 9 31* 14
8 3 9 105 89
0 0 10 410 451
0 2 10 19* 28
0 4 10 6B 75
0 6 10 145 146
1 1 10 98 96
1 3 10 0* 7
1 CJ 10 60 JJ
2 2 10 49* 11
2 4 10 79 74
2 b 10 0* 43
3 1 10 79 69
3 3 10 24* 6
3 5 10 54* 29
4 2 10 80 71
4 4 10 22* 6
5 1 10 88 83
5 3 10 118 135
6 2 10 64 61
0 1 11 155 149
H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc H K L Fobs Fcalc
R e fle c tio n s  Flagged w ith  an a s te r is k  were considered unobserved.
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APPENDIX H
Additional Information for Computer 
Modelling
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COSMIC H2
CHEKX H5
Porphyrin models using COSMIC force fields H7
HI
COSMIC
Computation and Structure Manipulation In Chemistry
The COSMIC system (Vinter, Davis & Saunders, 1987) has been 
developed over nearly 10 years by Smith, Kline & French primarily for 
use as a proliferated modelling aid for bench medicinal chemists in the 
pharmaceutical industry. The aim is to combine fast interactive 
response with scientific reliability; the aim has not been to produce 
cosmetically attractive graphics at the expense of scientific 
information.
COSMIC is a software framework for chemistry into which any 
desired computational or graphical function can be integrated. It can 
handle most chemical information including databases, spectral analysis 
and expert systems. Normally up to 300 atoms are parameterised in the 
modules, however, up to 10,000 could be handled. Most of the programs 
can be run from low cost terminals with minimal graphics capability; 
this allows wide access without the expense of high resolution graphic 
terminals when they are not needed. Facilities are available to 
transfer the results to a second subsystem (ASTRAL, Vinter, Davis & 
Saunders, 1987) which has been developed for high-performance 
terminals.
The majority of user input is via verbose menu picking, making the 
system particularly easy to use for non-computing oriented personnel. 
Full manipulation of molecules input into the system (from crystal 
structure data or by freehand sketching with the help of a fragments 
library) is possible, including rotation, rocking, zooming, geometric 
calculations and display of red/green stereopairs.
H2
1] DRAW - Molecule & fragment construction
23 VIEV - General view & manipulation
33 INPOUT - Input/output routines
Read a COSMIC,DAT file from Backing store
Write a COSMIC.DAT file to Backing store 
Enter coordinates manually e.g. from literature 
Build an amino-acid sequence 
Convert running file to .MOL (Sybyl) file 
Convert from .MOL file to running file 
Convert form .XR (CHEMX) file to tlie running file 
Convert running/.DAT file to .XR file 
Conversions for <10000 atoms for PS300 display 
Display or Plot a large .DAT file 
Convert from a .XR file to a .DAT 
Convert from a .DAT file to a ,XR
Convert from a .DAT file to a .DSP file
Convert from a .PDB file to a .DAT file
43 ATMOL - Atomic & molecular changes & states
Geometry changes - bonds, angles, tors, invert, chirality 
Geometry measures - distances, angles, planes, centroids 
Surgery - atoms, bonds ,frags H, Ip-off/on 
Output all molecular internal coordinates 
Output polar atoms, close contacts, >1-5 Hbonds 
Renumber the atoms of a molecule 
Moments of Inertia and Principal Ellipsoids 
Accessible Surface area with or without solvent 
Overall Molecular Volumes and Dimensions 
Accurate Molecular Volumes and Surface areas 
53 SPIN - To probe rotational barriers
SPIN01 - Calculate 1 2 or 3 bond Rotational Map 
Display and/or Plot 1 Bond Barriers 
Display and/or Plot 2 Bond Barriers 
Store all minima of 3 Bond spin 
Display Motions during Rotations 
RINGSPIN - Rotational barriers along an axis 
63 MIN - Geometry optimisation methods
MIN02 - Newton-Raphson atom relaxer 
MIN03 - Simplex atom relaxer 
MIN04 - Simplex/NR combined atom relaxer 
MIN05 - Parabolic Torsional Minimiser 
MIN06 - Conjugate gradient minimiser 
73 MULTIMOL - Conformer Space, Fitting & Docking
MIN01 - Conformer Space by sequential bond rotation 
& ring shapes (.MN1)
Show/Examine/Dump all Conformers from .MN1 file 
Distance search - compare up to six .MN1 files 
Compare two structures with Matching Atoms 
Dock Two Molecules Together
Table HI Menu Items available in COSMIC
H3
83 MO - Approx Charges & MO data processing 
CNDO/INDO - Closed/Open Neutral/Charged 
AMPAC - including MNDO, MIJTDO/3 & AMI 
GAUSSIAM 80 ab initio 
Add Charges by Liverpool Method 
Display Eigenvectors and Dipoles 
ORBIT - Eigenvector display routine 
Display Frontier Orbital Parameters 
93 EIP - Electrostatic Isopotentials
VSS1 - Calculate a proton 2D EIP map from MO Charges
VSS2 - Calculate a proton 3D EIP map from MO Charges
NBMAP - Calculate an H-bond 3D EIP map by MM (.V3D) 
FIMDIPMIM - EIP Minimum locator 
Display a 2D EIP map 
Display a 3D EIP map 
Display a 3D EIP Minima & Maxima only
Plot a 3D EIP Contour Map 
103 DB - Database Links and other Systems
SYNLIB - Organic reaction and conditions 
LHASA - Organic reactions and transforms 
ORAC - Organic reaction and conditions 
MEDCHEM - Pomona Physical Chemistry & LogP 
CAMBRIDGE - Small molecule crystal structures 
BROOKHAVEN - Protein Data Bank 
PIR - Protein & Nucleotide Sequences 
FCD - Fine Chemicals Suppliers Database 
LABCHEM - In-house chemicals directory 
SYBYL - Tripos molecular modelling programme 
CHEMGRAF - CDL molecular modelling programme (now CHEMX) 
MACROMODEL - Amber, MM2, Charmm from Columbia 
113 XYPLOT - Dumping routines
Stick pictures labels, types or stereo 
Ball and stick or spacefill 
Full Output stick and spacefill 
2D Plots
ORTEP - Crystallographic pictures 
Plot a 2D Isopotential Map 
Plot a 3D Isopotential Map 
Plot the Electron Densities 
123 Spectroscopy Programs
CNDUV99 - UV Spectra by MO methods 
NMRPROG - Ring Current Shifts & NOE effects
Table HI (Cant) Menu Items available in COSMIC
H4
Details of the complete COSMIC system are given in Table HI; the paper 
by Vinter, Davis and Saunders (1987) containing further information. 
In the system implemented on the DEC microVax(II) computer used in 
this work the databases were excluded; because of the large data 
storage space required.
The COSMIC system is provided free to academic users by Smith, 
Kline & French and is still under development. Extensions to 
incorporate metals and expert systems are being investigated, protein 
structures may be added once computational methods are proven.
CHEMX
CHEMX is a much more comprehensive structural modelling and dis­
play package supplied commercially by Chemical Design Ltd (Oct 1987). 
Academic discounts are available. CHEMX provides much more extensive 
and cosmetically pleasing displays than COSMIC, from the use of 
polyhedra for inorganic structures, dot surface Van der Vaals spheres 
for small molecules to ribbon and cylinder representations for protein 
backbones. In a similar fashion to COSMIC links are provided to a 
large range of molecular mechanics and molecular orbital calculation 
packages (Table H2), although they are routinely parameterised for only 
small numbers of atoms (see Table 8.2) compared to those in COSMIC. 
Current versions of CHEMX (from Oct 1987) are menu driven, the menus 
however not being as verbose as those in COSMIC. The more 
comprehensive facilities and display routines, however, make it an
H5
Identifying Structural Variables 
Atom specification 
Specifying atoms at the keyboard 
Picking atoms with the cursor 
Identifying distances, bonds, angles etc.
Terminals
Low performance terminals 
Medium performance terminals 
High performance terminals 
CHEMGUIDE
A guide for beginners 
CHEMCORE
Data input and output
Structure Display and labelling
Listing of structural and non-structural data
Structure modification and building ('MODIFY/CURSOR'). Bitpad
and joystick control
Geometry calculations
Energy calculations
Parameters and parameters files
Manipulation
The molecular modelling subset ('FLY'). Bitpad and joystick 
control 
CHEMMODEL
Molecular fitting
Packing and building with symmetry (crystallographic input) 
Conformational analysis 
Spatial analysis 
CHEMMOVIE
Recording results from a high performance terminal 
CHEMPROTEIN
Modelling and display of large protein structures 
CHEMQM
Molecular orbital calculations, CNIHDO, IC0N8, MOP AC, AMPAC, 
PCILO, GAUSSIAN80 
Performing the QM calculation 
Studying the results of the QM calculation 
CHEMDBS-1
The electronic notebook 
The database 
Tabulating results 
CHEMLIB
Facility for users to add programs into CHEMX
Table H2 Brief summary of facilities available within CHEMX
H6
extremely useful package which is widely used.
Crystallographic cell and space group information can be input 
into CHEMX, and molecules manipulated by symmetry operators. This is 
particularly useful for viewing complex packing diagrams and 
intermolecular interaction, although a high resolution graphics terminal 
with real-time rotation facility (little or no delay apparent in 
redrawing the structure as it is rotated) is recommended.
Porphyrin models using COSMIC force fields
The force fields in COSMIC (Vinter, Davis & Saunders, 1987) were 
adjusted so that porphyrins could be modelled. Initial attempts 
involved using Csp as an additional atom type and assigning atom types 
(type number in bracket) as;
M = Ntrig (9) Co, = Csp (4) CB = Csp2 (2) Cm = Csp2 (2) 
and modifying the force fields appropriately (Table H3).
The models were built around the NiT^BHPP puckered core (Free 
base and Ni(II)porphyrins) and PdT^BHPP planar core (Zn(II)porphyrins). 
Tables H4-H6 compares the result with crystallographic data. 
Qualitatively the results in Table H4 for free base porphyrins are 
good, the differences in the angles at amino and imino nitrogens show 
the correct trend, as do most of the rest of the angles. The major 
discrepancies relate to the C«-Cj3 bond length and angles affected by 
this; this results from the balance required between the Csp-Csp2 
distances for C«-Cb  (^  1.44A) and that for C<x-Cm (^  1.40A). This is 
however an improvement on using Csp2 for C« where Cac-CB=Coc-Cm= 1.33A.
H7
The fit for Cb~Cb is poor for the same reason; it is treated as a pure 
Csp2-Csp2 bond.
The predicted CocNC.* angles in the porphine model are very close 
to those determined crystallographically as is the C.:xCmC« angle. In 
the TPP model the same is almost true, the fit is certainly very good 
for these angles. The Ci:xCmC« angle is affected by the meso-substituent 
and the molecular mechanics results show this clearly, the porphine 
model has CrXCm C<x=126.7 ’ and the H2TPP model at 124,9*. The porphyrin 
core is puckered for HsTPP but changes in the torsional parameters can 
be made to model this with a planar core.
Modified Bond Force Fields 
Atoms Type K 1 
2 4 670.0 1.40
4 9 435.5 1.37
9 20 670.0 2.02 (Zn, Atom type 20 = Metal)
9 20 670.0 1.91 (Ni)
Modified Angle Force Fields
Atoms Type K(x 100) e
2 2 4 0.88 121.7
3 2 4 1.20 120.0 (Atom type 3 = C * r  ■
4 2 4 0.88 121.7 (Free base & Zn)
0.03 125.0 (Ni)
2 4 9 1.20 114.5 Compromise between
2 4 2 0.88 121.7
4 9 4 0.90 120.0
9 20 9 0.01 90.0 (Ni & Zn)
4 9 20 20.00 125.0 (Ni & Zn)
- Phenyl ring)
kCb & UCocCr
Atoms
4
20
Type
4
9
20
4
V
6.0
3.23
6.0
6.0
Modified
#
- 2.0 
- 2.0 
-3.0 
-3.0
(Ni
(Ni
Torsional Force Field
& Zn) 
& Zn)
Table H3 Modified force field constants used for models described
H8
Model Model
Porphine Porphine HsTPPt.vi H*TPP Hs:TPPt.«t
amino 1.3801 1.37 1.3742 1.38 1.350(7)
imi no 1.376 1.38 1.364 1.38 *
amino 1.431 1.40 1.428 1.40 1.438(8)
imi no 1.452 1.40 1. 455 1.40
amino 1.365 1.33 1.355 1.33 1.362(9)
imi no 1.345 1.33 1.347 1.32
amino 1.387 1.40 1.400 1.41 1.403(7)
imi no 1.376 1.40 1.400 1.41
amino 108.6 108.2 109.2 109.5 108.9(4)
imi no 106. 1 105.7 106.2 107. 0
amino 107.9 107. 4 107.3 106.0 108.7(4)
imi no 109.8 109.2 110.3 107.8
amino 107.9 108.5 108.1 109.2 106.9(5)
imi no 107. 1 108. 1 106.8 108.8
amino 125.4 125. 1 126. 0 125.7 125.8(5)
imi no 125.0 124.9 126. 3 126.7
amino 126.9 127.6 125. 1 128.3 124.6(5)
imi no 126.6 126. 0 123.5 125.2
127.1 126.7 125.6 124.9 125.2(5)
1 2 3
Parameter
type
I-Ccx /A
C.:X CjB /  A 
C&-C& /A
Ccx Civ, /  A 
C«MCo< / *
NCo<Cjb / 0 
C^xC/sC b  / *
SC«Crn /
CjsCocCni /  *
C«CmC« /
R e f
* Crystallographically the hydrogens occupy all four positions with equal 
so the parameters are approximately the mean of the HaTPPtri parameters
1 Esd's app r o x i m a t e l y  0 , 0 0 4 - 0 , 007A and 0,3-0,5®
2  Esd's a p p r o x i m a t e l y  0 , 0 0 5 - 0 , 0 1 4  and 0,5-0,8®
References;
1 Chen & T ulinsky 1972
2 Silvers & T u linsky 1967
3 Hamor, Hamor & Hoard 1964
w e i g h t  and
Table H4 Comparison of results from modelling of free base 
porphyrins, using modified COSMIC force fields, with 
crystallographic results.
H9
Model ZnTPP
Zn-N 2 . 0 3 A 2 . 0 3 7  ( 2 )  A *
N - C « 1 . 3 7 A 1 . 3 7 6  ( 2 ) A
C « - C b 1 . 4 0 A 1 . 4 4 0  < 3 > A
Cf}— C # 1 . 3 3 A 1 . 3 4 7  ( 3 )  A
Ccx- C m 1 . 4 0 A 1 . 4 0 0  ( 3 ) A
C « N C o < 1 0 6 . 3 ° 1 0 6 . 6 ( 2 ) °
N C « C b 1 0 9 . 0 ° 1 0 9 . 4 ( 2 ) °
C c C b C b 1 0 7 . 9 ° 1 0 7 . 4 ( 2 ) °
C c x C m  Ccx 1 2 5 . 9 ° 1 2 5 . 9  ( 2 ) °
NZnN* 9 0 . 0 ° 9 0 . 0 0 ( 6 ) °
*  Results for ZnTPP from Sche i d t  et aJ, 1986 - Zn-N d i stance is an aver a g e  of two 
s i g n i f i c a n t l y  diff e r e n t  distances, 2 , 0 2 9 ( 2 )A & 2,045(2)4, The model is e s s e n t i a l l y  
planar, ZnTPP being only mildly ruffled,
Table H5 Comparison of results from modelling of Zn(II)- 
porphyrins, using modified COSMIC force fields, 
with crystallographic results.
Model N i T M P
N i - N 1 . 9 5 A 1 . 9 5 0  ( 4 )  A *
N - C « 1 . 3 7 A 1 . 3 8 8  ( 6 )  A
Coc-CjB 1 . 4 0 A 1 . 4 3 5  ( 6 )  A
C b ~ C jb 1 . 3 3 A 1 . 3 3 9  ( 6 )  A
Ccx “ C m 1 . 3 8 A 1 . 3 8 0  ( 6 ) A
CocNCoc 1 0 5 . 0 ° 1 0 4 . 6  ( 3 ) °
N C « C b 1 1 0 . 1 ° 1 1 0 . 3 ( 4 ) °
C cxC jbC jB 1 0 7 . 5 ° 1 0 7 . 4  ( 5 ) °
Ccx C m  Ccx 1 2 1 . 5 ° 1 2 1 . 4 ( 5 ) °
N N i N ' 9 0 . 1 ° 9 0 . 0 ( 1 ) °
*  Results for NiTMP from Pace, Ulman & Ibers, 1982 - The m olecule is planar and the 
model is only mild l y  ruffled unlike the severe ruffling found in som e  
N i(I I ) p o r p h y r i n s  (see Chapter 3)
Table H6 Comparison of results from modelling of Hi(II)- 
porphyrins, using modified COSMIC force fields, 
with crystallographic results.
H I O
The results for the Ni(II) and Zn (II)porphyrin models are likewise 
reasonable but suffer from the same problem. These results do, 
however, show that the differences in the porphyrin rings brought about 
by the imposition of the metal geometry can be reasonably reproduced.
To improve the fit better another approach was considered. Rather 
than use Csp2 atom types for the majority of the atoms and only 
changing one (Csp), more atom types could be re-defined. This could be 
done by including new atom names or by re-parameter is ing some of those 
already present, for example the halogens which were not going to be 
used in any models;
N = Ntrig C« = F CB = Cl Cm = Br
This would allow more parameters to be adjusted and thus improve 
the fit. However, as stated in Chapter 8, this would be insufficiently 
general, particularly when attempting to model the oxidised porphyrin. 
MK2P was tried in preference.
H l l
PDH CRYSTAL DATA -80 1 0 0 1 360.
TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT 1 0 0 0 0 0 1
0
12 32 0 0 1 1 0 0 0 0 0 0
30 N 14.0
12 13
19 14 15 16 17 18 19
23 24
9 5 12 11 10 9 24 47
25 26 27 28
14 13 25 7 28 29
41 29 30
33 32 31 30 8 33 34
20 6 23 22 21 20 34 35
40 35 36 37 38 39 40
46 41 42 43 44 45 46
52 47 48 49 50 51 52
5 53 6 54 7 55 8 56 10 57 11 58 15 59 16 60
17 1 18 61 19 62 21 63 22 64 26 65 27 66 31 67
32 68 36 69 37 70 38 2 39 71 .40 72 42 73 43 74
44 3 45 75 46 76 48 77 49 78 50 4 51 79 52 80
6.75760 14.35540 -0.26460 7 21.44810 4.00770 -0.26460 7
8.92910 1.83630 0.26460 7 19.27670 16.52680 0.26460 7
13.68790 11.33340 -0.11100 9 16.25420 9.59660 0.11110 9
11.95150 8.76650 0.11110 9 14.51790 7.03020 -0.11110 9
14.67300 12.15070 0.34840 2 14.10440 12.90900 1.45460 2
12.68610 12.64000 1.41500 2 12.48320 11.72490 0.38960 2
11.22430 11.14770 -0.04040 n 10.08100 11.96020 -0.00020 2
10.19030 13.42300 -0.08700 2 9.09170 14.22420 -0.05410 nL
7.80640 13.61230 -0.17100 3 7.61900 12.16040 -0.10520 2
B.72930 11.40030 -0.06050 2 17.07260 8.61060 -0.34830 2
17.83060 9.17960 -1.45470 2 17.56170 10.59820 -1.41500 2
16.64590 10.80090 -0.39000 2 16.06900 12.05970 0.04070 2
11.13310 9.75250 -0.34830 2 10.37510 9.18350 -1.45470 2
10.64400 7.76490 -1.41500 2 11.55990 7.56220 -0.39000 2
12.13670 6.30340 0.04070 2 13.53190 6.21180 0.34830 2
14.10090 5.45380 1.45470 2 15.51950 5.72270 1.41500 2
15.72220 6.63B50 0.39000 2 16.98100 7.21540 -0.04070 2
18.12470 6.40290 0.00000 2 18.01540 4.94010 -0.08700 2
19.11410 4.13880 -0.10250 2 20.39930 4.75080 -0.17100 3
20.58670 6.20270 -0.10520 2 19.47640 6.96280 -0.06050 2
11.32420 5.15970 0.00020 2 9.86140 5.26900 0.08700 2
9.06020 4.17030 0.05410 2 9.67210 2.88510 0.17100 3
11.12400 2.69770 0.10520 2 11.88410 3.80800 0.06050 2
16.8B150 13.20340 0.00020 2' 18.34430 13.09410 0.08700 2
19.14560 14.19280 0.05410 2 18.53360 15.47800 0.17100 3
17.08180 15.66540 0.10520 2 16.32160 14.55510 0.06050 2
13.83880 10.49590 -0.77590 5 15.41650 9.44590 0.77600 5
12.78920 8.91720 0,77600 5 14.36720 7.86790 -0.77600 5
14.63170 13.53890 2.15570 5 11.93030 13.06710 2.05740 5
11.16760 13.87330 -0.17910 5 9.18850 15.29410 0.05730 5
6.63330 11.71940 -0.09310 5 8.61770 10.32610 -0.06960 5
18.46030 8.65230 -2.15610 5 17.98930 11.35420 -2.05700 5
9.74540 9.71070 -2.15610 5 10.21640 7.00890 -2.05700 5
13.57370 4.82410 2.15610 5 16.27550 5.29510 2.05700 5
17.03560 4.48B90 -0.14000 5 19.01490 3.06410 -0.06390 5
21.57250 6.64370 -0.09310 5 19.58800 B.03700 -0.06980 5
9.41110 6.24630 0.17910 5 7.99030 4.26720 -0.05730 5
11.56500 1.71200 0.09310 5 12.95830 3.69640 0.06960 5
18.79460 12.11680 0.17910 5 20.21540 14.09590 -0.05730 5
16.64070 16.65110 0.09310 5 15.24740 14.66670 0.06960 5
743 54 3 312 0 0 0 0 0. 0. 0. 0.
1 1 1 17 0.00000 o.;:::: 0.45000
Example of partial JUC2P input file - the remaining portion 
is the additional parameters that are to be read in. For an 
explaination of the file format see Clark, 1985
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Abstract. ( I)  C ,6H „ N 40 4Pd.3C6H n, A /, =  1484-49, 
monoclinic, C2/c, a =  28-004 (4), b =  26-871 (7), c 
=  21-267 (2) A, /? =  131-18 (2), K =  12045 (10) A1, 
Z  =  4, D„ not measured, Dx = 0-819 Mg m-3, 
A(Mo Ka) -  0-71069 A, ^ =  0-186 m m *1, F(000) =  
3192, T=  293 K. Final R =  0-086 for 6308 reflections 
with /  >  3o(/). (11) C 76H 92N 40 4Zn.4C6H 12, Afr =  
1527-63, monoclinic, C2/c, a =  27-966 (7), b = 
26-847(4), c =  21-275 (2) A, /?=  131-09 (3), K =  
12038 (11) A1, Z  =  4, Dm not measured, D , =  
0-843 Mg n r 3, 2(Mo Ka) =  0-71069 A, p = 
0-245 mm"1, F(000) =  3320, T = 2 9 3 K .  Final R = 
0-10 for 4307 reflections with /  >  2a(I). The structures 
are crystallographically isomorphous and have an 
unusual solvent of crystallization, cyclohexane, which is 
readily lost from the lattice, destroying the order. The 
structures also show excellent pseudo-orthorhombic 
symmetry which made the structure solution non­
trivial.
Introduction. We have recently been investigating the 
chemistry of phenolic porphyrins and their metal 
complexes (Traylor, Nolan &  Hildreth, 1983; Milgrom, 
1983; Golder, Nolan, Povey &  Milgrom, 1987), and 
have observed that the ease of oxidation of these 
complexes by air in basic solution is strongly depend­
ent on the central metal cation. Hence, whereas 
cobalt(II), nickel(ll), iron(III) and zinc(II) complexes 
of /neso-tetrakis(3,5-di-/er/-butyl-4-hydroxyphenyl)- 
porphyrin (Hjt'bhpp) are readily oxidized in basified 
dichloromethane solution, the manganese(III) and 
palladium(U) complexes are resistant to oxidation 
under these conditions. Since we suspect that this 
behaviour depends on whether or not the porphyrin 
ligand in the complex is planar we decided to investigate 
the crystal structures of some of these inetallopor- 
phyrins. The crystal structure of the nickel complex has 
already been reported iNi(t'bhpp) Golder, Nolan, 
Povey &  Traylor (1987)1 and in this paper we describe 
the crystal and molecular structure o f the palladium(II) 
and zinc(ll) complexes.
Experimental. The preparation of Hjt'bhpp and its 
zinc(Il) complex have been reported (Traylor, Nolan &  
Hildreth, 1983) and the palladium(II) derivative was 
synthesized by insertion according to a literature 
method (Buchler, 1978). Suitable crystals o f both (I)  
and (11) for X-ray studies were obtained by crystal­
lization from a dichloromethane solution with cyclo­
hexane carefully layered on top. The crystals so 
obtained were deep-red ( I)  and dark-purple ( II)  
diamond-shaped prisms. In both cases the crystals were 
unstable due to loss of solvent and hence were mounted 
in capillaries by suction (by capillary action) from
solution, a solvent atmbsphere being maintained by 
incorporation of solvent-soaked tissue in the araldite- 
sealed capillary.
Accurate unit-cell parameters were measured on a 
C A D -4 diffractometer using 25 accurately centred 
reflections (13 £  0<  15°) from crystals of dimensions 
0-5 x 0-5 x  1-0 mm (I)  and 0-5 x  0-5 x 0-6 mm (II).  
Structure (I)  was collected in the C-centred monoclinic 
cell, a — 26-878 (7X b =  32-016 (4), c =  19-415 (2) A, 
P =  133-83 (2)° and (U ) In a different C-centre mono­
clinic cell, 0 =  26-847(4), 6 =  27-966(7), c =  
20-907 (3) A , p =  129-92 (1)°. These cells proved to be 
related to one another (see later).
A  quarter sphere of reciprocal space was measured 
[0 <  h £  30, 0 <  it <  36, - 2 2  <  /  <  22 (I), 0 <  h <  30, 
0 <  k  £  32, - 2 3  £  /  £  23 ( II)];  6 limit 24°, w -26  scan, 
scan speed 5° min-1; 222 ( I)  and 0,16,0 and 4,12,2 ( I I )  
reflections monitored hourly. Variation of intensity 
reflections was corrected, 4-4 (I), -4 -1 %  ( I I )  and after 
data reduction from 9424 (9425) unique reflections, 
6308 (3670) had /  a  3o(7). Intensity statistics indicated 
a centric distribution and systematic absences deter­
mined the space group as C2/c in both cases.
The solution of the structure was not straight­
forward. The initial cells for ( I)  and ( II)  as collected 
were different but Delauney reduction indicated they 
were related via an F  orthorhombic cell, a =  26-871, 
6 =  32-015, c =  28-004 A. The final solution to both 
structures proved to be a third C-centred monoclinic 
cell also related to this orthorhombic celL The sym­
metry-equivalent reflections after data reduction and 
rotation to the F  orthorhombic cell showed very few 
discrepancies o f any note. Photographic data were 
sought but the mounting technique did not allow for 
orientation of the crystals and the only set obtained was 
in the monoclinic cell m e asu redJor (0  with thejery sUd 
axis along c, disguising the pseudo-orthorhombic 
symmetry.
Structure ( I)  was solved and refined, albeit with 
difficulty, in the original setting. The Pd atom was 
located in the Patterson map at Of}. A Fourier map 
phased on this gave the posiu'ons of the atoms of the 
porphyrin ring, a C atom o f a phenyl ring and one O  
atom. Attempted refinement of these positions failed but 
with structure-factor calculations and subsequent 
Fourier syntheses, the remaining atoms were located. 
With the 44 unique atoms located, full-matrix aniso­
tropic refinement was possible (A =  0-11) and a solvent 
molecule, cyclohexane, was found. Further work failed 
to improve the refinement and the solvent positions 
would not refine.
( I)  was then solved in the F  orthorhombic cell, the 
zonal data indicating Fldd (non-standard Fdd2, No. 
43) as the space group. All but three atoms were
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located in the contoured Patterson map with the Pd 
atom at M i. and gradual refinement seemed successful. 
With all atoms anisotropic, and the inclusion of one 
cyclohexane molecule R was reduced to 0-12.
Neither of the refinements of (1) was good; the e.s.d.’s 
of bonds and angles were high and the geometry was 
poor. Attempted refinement of ( I I )  both in the original 
C-centred and in the orthorhombic cell gave similar 
results. Inspection of lattice drawings indicated that a 
third monoclinic cell could be obtained, this beyig 
related to the two original cells via the F  orthorhombic 
one. From the results obtained above it was concluded 
that the structures were isomorphous so this third cell 
was investigated and found to give a solution with well 
behaved and reasonable final geometry and e.s.d.’s.
The collected data were corrected for decay and a 
semi-empirical absorption correction applied to (I), 
minimum and maximum correction for the latter being 
0-958 and 1-0, respectively. Data were rotated to the 
monoclinic cell given in the Abstract, using matrices 
— 1,0,—2 ; —1,0,0; f . f . l  (I) and 0 , -1 ,0 ; -1 ,0 ,0 ; - f , f , - l
(11). The structure was solved by Patterson and Fourier 
methods in C2/c with the metal located on the twofold 
axis (Oyl y  -  0-375). Three cyclohexane solvent mole­
cules were located in (1) and four in (II). H atoms were 
added in calculated positions (d„ — 1 -0 A) to the 
porphyrin molecule and an absorption correction by 
DIFABS (Walker &  ’ Stuart, 1983) applied, with 
minimum and maximum corrections 0-478 and 1-533 
(I), 0-385 and 1-530 ( II)  respectively. Cyclohexane 
molecules were refined isotropically but the geometry 
became poor so they were fixed in original positions 
with an averaged Blta =  20 AJ. Full-matrix anisotropic 
refinement on F  first on heavy atoms, then for all 
porphyrin non-H atoms, converged at R =  0-086, 
w A = 0 -U 3 , 5 = 1 - 0 3  for 6308 reflections
17^ , >  3-0<7(F)l, using a Cruickshank weighting scheme 
for (I) and R =  0- 100, wR =  0-099, 5  =  1-64 for 4307 
reflections IFa > 2-(f[F)], using a Cruickshank weight­
ing scheme for ( II). The effects of various weighting 
schemes, chiefly polynomials in F, on refinement were 
investigated assuming a normal distribution of errors 
over the whole range of F  values. The quantity 5 , the 
e.s.d. of an observation with unit weight, which should 
ideally be 1 -0, was the criterion for best fit -  the fit in 
the case of the zinc structure was poor but could not be 
improved.
* Lists of observed and calculated structure factors, anisotropic 
temperature factors, calculated hydrogen positions and a complete 
list o f bond lengths and angles and a selection o f leasl-square planes 
have been deposited with the British Library Document Supply 
Centre as Supplementary Publication No. SUP 5 1 116 (79 pp.). 
Copies may be obtained through The Executive Secretary, 
International Union of Crystallography, 5 Abbey Square, Chester 
C H I 2HU, England.
The largest shift/e.s.d. was 0-72 (I), 0-43 ( II),  
associated with the metal atom and the highest peak in 
a difference map was 0-38 (I), 0-27 ( I I ) e A “J -  
associated with the cyclohexane molecules. Atomic 
scattering factors and corrections for anomalous 
dispersion from International Tables fo r  X-ray Crystal­
lography (1974). Refinement using SDP Plus (Frenz, 
1983).
Discussion. The molecular structure of Pd"(t'bhpp) 
lZn"(t'bhpp) is isomorphous] is shown in Fig. 1 and 
two packing diagrams, the first of which includes 
solvent molecules, in Figs. 2 and 3. Atomic coordinates 
and some relevant bond distances and angles (averaged 
assuming fourfold symmetry, individual values do not 
differ significantly from this) are listed in Tables 1 and 
2, respectively. *
Insert Figs. 1-3, Tables 1 &  2
Each complex contains a planar porphyrin core, with 
maximum deviation of 0-01 (2) ( I)  and 0-02 (2) A ( II)  
from the least-squares plane (see deposition footnote) 
and the phenyl rings are ±6 7-6  (5) (I), ±66-9  (5)° ( II)  
to this plane. The metal ion is accurately centred in the 
plane of the porphyrin core with normal M — N  
distances, P d -N  =  2-022 (7) [cf. 2 -009 (9 ) in the 
puckered Pd(tpp) (Fleischer, Miller &  Webb, 1964)] 
and Zn—N  =  2-041 (8) [<f. 2-037 (2) average value in 
Zn(tpp) (Scheidt et a h  1986)]. The bond distances and 
angles in the porphyrin core do not differ significantly 
from those expected for an unexpanded core (Scheidt, 
1978X and those in the substituents and solvent are also 
normal. The planar core is in contrast to the very 
puckered core in Ni"t'bhpp) (Golder, Nolan, Povey &  
Traylor, 1987) which shows approximate 5 .  sym­
metry, with the meso-C atoms displaced ±0-54 A from 
the least-squares plane of the core.
The complexes contain intermolecular hydrogen 
bonds between the phenolic groups giving a two- 
dimensional sheet structure having 0 - - - 0  distances of 
2-849 (7) (I), 2-852 (10) A ( II). In order to accommo­
date this hydrogen bonding the phenyl rings are rotated 
by ± 2 2 ° from the perpendicular reducing the steric 
interactions between the bulky /er/-butyl groups of 
different molecules. An unusual feature o f the structure 
is the presence of cyclohexane as a solvent of 
crystallization, which occupies the large voids in the 
structure between the sheets. However, the cyclo­
hexane is not merely trapped but actually holds the 
sheets together, presumably by rather weak dispersion 
forces. The closest contact (Tables 3 and 4) between a 
solvent-molecule atom, C(214) [C(410X ( II)] , and a 
/ert-butyl C  atom, C(32) [C(46)J, is 3-79 A (3-77 A). 
The structural role o f cyclohexane is indicated by the 
fact that the crystals no longer diffract when allowed to 
dry out -  photographs taken of a crystal mounted on a 
fibre showed the appearance of powder rings prior to 
diffraction ceasing entirely. This must be due to the loss 
of cyclohexane since no dichloromethane was found in 
the crystal structure. A  search o f the Cambridge 
Structural Database (Allen et a h  1979) revealed. 26 
structures reported with cyclohexane as the solvent o f  
crystallization, at least two of which are unstable by 
loss of solvent (Brock &  Webster, 1976; Masamune, 
Hanzawa &  Williams, 1982).
Insert Tables 3 and 4
In view of the very low calculated densities (0-819  
(I), 0-843 ( II)  M g m _1], more solvent molecules than 
were found were expected to be present in the lattice. 
The solvent molecules located, however, were not 
disordered significantly, the isotropic temperature fac­
tors were high and only one chair form was present at 
each location. The density could not be measured 
experimentally to determine the actual number o f 
solvent molecules present because of the very rapid loss 
of solvent from the lattice. A  density similar to that 
calculated for Ni"(t'bhpp) [D x =  1-01 Mg m- )  (Golder, 
Nolan, Povey &  Traylor, 1987)] is obtained with 7 
cyclohexane molecule per asymmetric unit or 28 per 
unit celL
The fact that the Pd" complex is planar while the N i"  
complex is highly puckered is due largely to the 
different ionic radii of the metal ions. A  planar 
metalloporphyrin is estimated to have a hole radius of  
2-01 A (Hoard, 1975) and in order to retain planarity 
the metal radius should not be less than 1-96 A. 
Therefore, while the ionic radius of Pd" is compatible 
with porphyrin planarity the much smaller ionic radius 
of N i"  causes severe ruffling o f the porphyrin core. This 
structural difference may account for the contrasting 
behaviour o f these complexes towards aerial oxidation 
in basified solutions (Golder, Nolan, Povey &  Milgrom, 
1987). In the N i"  complex the meso substituents may 
achieve a degree o f overlap with the porphyrin it system
T a b le  1. Fractiona l atomic coordinates with e.s.d.‘s in parentheses an d B „  thermal parameters  (A1)
2n"(t'bhpp) Pd"(t*bhpp)
Zn/Pd *
X
'0-300
y
" 0-37504(7) "
t
"  0-750
B n
~ 2-80(4)“ ~
X
~~ 0-500 ------
/
0-37504 (3)
t
0*750 ~ 2 - ^ 1 )
0(1) 0-2873(3) 0-1485(3) 0-3293 (4) 6-9 (3) 0-2874 (3) 0-1493 (2) 0-3286 (3) 7-4 (2)
0(2) 0-2922 (3) 0-6007 (3) 0-3295 (4) 6-9(3) 0-2918(3) 0-6012(3) 0-3300(3) 7-6 (2)
N (l) 0-300 0-2989(4) 0-750 2-7(3) 0-500 0-2996 (3) 0-750 3-2 (2)
N(2) 0-4364 (3) 0-3754 (4) 0-6227(3) 2-7(2) 0-4369(2) 0-3750(2) 0-6235 (2) 3-0(1)
N(J) 0-500 ' 0-4510(4) 0-750 3-1(3) 0-500 0-4500 (3) 0-750 3-2 (2)
CO) 0 4797 (3) 0-2171(4) 0-7082 (5) 4-5(3) 0-4791 (3) 0-2182 (2) 0-7088 (4) 4-6 (2)
CO) 0 4658 (4) 0-2683 (4) 0-6812(5) 3-3(3) 0-4654 (2) 0-2688 (2) 0-6808 (3) 3-7(1)
C(J) 0-4246 (4) 0-2844 (4) 0-5983 (4) 3-1(3) 0-4244 (2) 0-2845 (2) 0-5987 (3) 3-2(1)
C(6) 0-4125(3) 0-3340(4) 0-5733 (4) 3-1(2) 0-4114(2) 0-3335 (2) 0-5723 (3) 3-2(1)
C<7) 0-3683 (4) 0-3493 (4) 0-4871(5) 3-6(3) 0-3686 (3) 0-3506(3) 0-4878 (3) 3-9(2)
C(8) 0-3683(4) 0-4004 (4) 0-4872 (5) 3-8(3) 0-3695 (3) 0-3996 (3) 0-4874 (3) 3-9(2)
C(9) 0-4103 (3) 0-4164(4) 0-5726 (5) 2-9(3) 0-4110(2) 0-4164(2) 0-5722 (3) 3-3(1)
COO) 0-4245 (4) 0-4660(4) 0-5988 (5) 3*3(3) 0-4244(2) 0-4655 (2) 0-5989 (3) 3-5(1)
COD 0-4661(4) 0-4809 (4) 0-6813(5) 3-8(3) 0-4655 (2) 0-4807 (2) 0-6804 (3) 3-5(1)
C02) 0-4791(5} 0-5319(4) 0-7088 (5) 4-5(3) 0-4792 (3) 0-5318(2) 0-7079 (4) 4-7(2)
C(2I) 0-3905 (4) 0-2464 (4) 0-5308 (5) 3-0(3) 0-3902(3) 0-2456 (3) 0-5309 (3) 3-9(2)
C(22) 0-4024 (4) 0-2418(4) 0-4767(5) 4-0(3) 0-4040(3) 0-2418(3) 0-4787 (3) 4-1(2)
C(23) 0-3705 (4) 0-2098 (4) 0-4106(5) 3-9(3) 0-3707 (3) 0-2099(3) 0-4107(3) 4-5(2)
C{24) 0-3851 (5) * 0-2074(5) 0-3533 (6) 6-0(4) 0-3848 (3) 0-2081 (4) 0-3527 (4) 6-0(2)
C(25) 0-4361 (5) 0-2448 (6) 0-3782 (6) 8-3(4) 0-4359 (4) 0-2463(5) 0-3777(4) 8-1(3)
C(26) 0-3272(5) 0-2202 (6) 0-2649 (6) 7-1(4) 0-3267 (4) 0-2203 (5) 0-2638 (4) 8-0(3)
C(27> 0-4085 (5) 0-1562(6) 0-3563 (6) 7-2(4) 0-4094(4) 0-1553 (5) 0-3564 (5) 8-4 (3)
C(28) 0-3228 (4) 0-1804(4) 0-3973 (5) 4-5 (3) 0-3229 (3) 0-1809(3) 0-3971 (4) 4-9(2)
C(29) 0-3097 (4) 0-1824(4) 0-4500 (5) 4-0(3) 0-3088 (3) 0-1835 (3) 0-4499 (3) 4-4 (2)
C(30) 0-2576 (4) 0-1503(5) 0-4361 (6) 6-2(4) 0-2345 (3) 0-1526(4) 0-4316(5) 6-8 (2)
COD 0-2565 (5) 0-1567 (6) 0-5051(7) 8-6(4) 0-2556 (3) 0-1570 (4) 0-5061(5) 8-7 (3)
C(32) 0-2658(6) 0-0954 (6) 0-4303 (8) 9-5 (5) 0-2624 (5) 0-0971 (5) 0-4261 (7) 11-9(4)
C(33) 0-1913(5) 0-1668 (7) 0-3546 (8) 10-3 (6) 0-1902(4) 0-1684(6) 0-3525(6) 9-6 (4)
C(34) 0-3441 (4) 0-2162(4) 0-5160(5) 4-1(3) 0-3437(3) 0-2167(3) 0-5157 (3) 4-1(2)
C(33) 0-3899 (4) 0-3037(4) 0-5303 (5) 3-4(3) 0-3903 (2) 0-5042 (3) 0-5305 (3) 3-7(2)
C(36) 0-3249 (4) 0-5084(4) 0-4769 (5) 3-7(3) 0-3254 (2) 0-5080(3) 0-4790(3) 4-0(2)
C137) 0-2902 (4) 0-5401 (4) 0-4099 (5) 3-9(3) 0-2905(3) '* 0-3403(3) 0-4103(3) 4-3(2)
C(38> 0-2186(3) 0-5422 (5) 0-3533 (6) 6-0(4) 0-2177(3) 0-5419(3) 0-3520 (4) 6-0 (2)
C(39) 0-1925 (5) 0-5050(6) 0-3793 (7) 8-3 (5) 0-1923 (3) 0-5042 (5) 0-3788 (5) 8-3(3)
C(40) 0-1872 (3) 0-5291 (6) 0-2642 (7) 6-9(5) 0-1869(4) 0-5288 (5) 0-2636 (5) 7-6(3)
C(4I) 0-1976 (5) 0-5933 (6) 0-3568 (7) 7-3(4) 0-1976(4) 0-5942 (5) 0-3576 (6) 9-1(3)
C(42) 0-3243(4} 0-5696 (4) 0-3969(5) 4-3(3) 0-3241 (3) 0-5690(3) 0-3963(4) 5-1(2)
C(43) 0-3909 (4) 0-5680(4) 0-4497(5) 4-1(3) 0-3910(3) 0-5665 (3) 0-4495 (4) 4-5 (2)
C(44) 0-4279(5) 0-5997 (5) 0-4355 (7) 6-6(4) 0-4270(3) 0-5984 (3) 0-4320(4) 6-6(2)
C(45) 0-4989 (5) 0-3926 (6) 0-5047(8) 9-4 (5) 0-5001(4) 0-5923 (4) 0-5045 (5) 8-4 (3)
C(46) 0-4154 (6) 0-6343 (6) 0-4309 (8) 9-3 (6) 0-4143 (5) 0-6526 (5) 0-4266 (8) 12-0(5)
C(47) 0-4120 (5) 0-5816(7) 0-3530(7) 9 8(5) 0-4132(4) 0-5811(5) 0-3542(5) 9-8 (3)
C(48) 0-4219(4) 0-3340(4) 0-5154 (5) 4-1(3) 0-4221 (2) 0-5338(3) 0-5158 (3) 3-9 (2)
C 0 10) 0-333(1) 0-443 (2) 0-285(2) 20-0* 0-702 0-192 0-776 20-0*
C O ID 0-329(1) 0-389 (2) 0-263(2) 20-0* 0-691 0-140 0-772 20-0*
C 0 12) 0-359(1) 0-383 (2) 0-224 (2) 20-0* 0-609 0-134 0-710 20-0*
C O O ) 0-302(1) 0-409(1) 0-134 (2) 20-0* 0-724 0-474 0-315 20-0*
CO 14) 0-317(1) 0-466(1) 0-157(2) 200* 0-675 0-445 0-227 20-0*
C (IO ) 0-289(1) 0-471 (2) 0-205 (2) 20-0* 0-593 0-001 0-519 20-0*
C(210) 0-682(1) 0-133(2) 0-762(2) 20-0* 0-567 -0-042 0-478 20-0*
C(21l) 0-613(1) 0-123 (2) 0-712(2) 20-0* 0-544 -0-050 0-392 20-0*
C(212) 0-571(1) 0-161(1) 0-636 (2) 20-0* 0-510 -0-010 0-342 20-0*
C(2I3) 0-582(1) 0-212(1) 0-652(2) 20-0* 0-521 0-040 0-366 20-0*
C (2U) 0-655(1) 0-215(2) 0-697 (2) 20-0* 0-567 0-050 0-461 20-0*
C(215) 0-696(1) 0-184 (2) 0-784(2) 20-0* 0-571 0-166 0-630 20-0*
CO 10) 0-513(1) 0-033(1) 0-364(2) 20-0* 0-591 0-219 0-660 '20-0*
C O ID 0-520(1) -0-023(1) 0-355(2) 20-0* 0-664 0-224 0-699 20-0*
C O O ) 0-549(1) -0-050(1) 0-437 (2) 20-0* 0-671 0-390 0-235 20-0*
C(313) 0-586(1) -0-023(1) 0-508(2) 20-0* 0-643 0-385 0-285 20-0*
CO 14) 0-593(1) 0-023(1) 0-509(2) 20-0* 0-689 0-411 0-373 20-0*
C O O ) 0-558(1) 0-059 (2) 0-434 (2) 20-0* 0-683 0-464 0-344 20-0*
C(410) 0-666(1) 0-284(1) 0-503 (2) 20-0*
C(41l) 0-679(1) 0-232(1) 0-511(2) 20-0*
C(4I2) 0-620(1) 0-198 (2) 0-434 (2) 20-0*
C(413) 0-596(1) 0-223(1) 0-358(2) 20-0*
C(414) 0-572(1) 0-275(1) 0-348(2) 20-0*
C(413) 0-641 (1) 0-297(1) 0-416(2) 20-0*
* Position (for Pd"(t*bfapp)l and isotropic tern per store factor Used.
Table 2. Selected average bond lengths (A ) and angles 
(° )  and comparison o f  N i" (f 'bhpp), W 'lfbhpp) and 
Zn "(dbhpp) structures
Ni* Pd Zn
At N 1-913(3) ' 2-022(7) 2-041(8)
N c . 1-379(4) 1-384(6) 1-366(12)
C . c$ 1-429(5) 1-432 (7) 1-440 (14)
C4 1-340 (5) 1-329 (8) 1-35 (2)
c i c i 1-382 (5) 1-380 (8) 1-392(14)
cm c . 1-497(4) 1-509 (8) 1-491(13)
c 0 1-389 (4) 1-379 (9) 1-377(12)
At c . 2-961 (6) 3-058 (5) 3-052 (9)
At c . 3-367(9) 3-431(6) 3-441(9)
N t N* 2-706 (6) 2-860(7) 2-886(11)
N N " 3-826 (8) 4-041 (10) 4-082(11)
N At N* 90-0(1) 90-0(2) 90 0(3)
N At N ” 179-1(1) 180-0(2) 179-6(4)
At N C . 127-4 (2) 126-5(4) 126-6(5)
C . N C.4 105-2(3) 106-9(5) 107-8(9)
N C . 110-1(3) 108-3(5) 108-7(8)
N C. c i 125-3(3) 123-7(5) 126-6(9)
C . c , 107-3(3) 108-2 (5) 107-3 (9)
C . c i c .- 121-3(3) 125-5(3) 124-5(9)
c , c . c . 124-3(3) 126-0(3) 124-6(8)
* D itt from Golder, Nolan, Povey A Traylor (1987).
t  N—N',, adjacent N atom*; N -N ”, opposite N atoms.
Table 3. Close contacts (<  4-0 A )/or  Pdll(t'bhpp) (A ) 
E s.d .’s are 0  0 0 7 -0 0 1 0  A.
C6 C JI 3-800 C7 CJ1 3-349 C7 CSS 3-888
C7 C II0  3-964 C7 C l 18 3-982 C8 C3I 3-904
C8 C45 3-546 C9 C45 3-775 C I2  C2I3 3-901
C27 C4I 3-798 C3I C l l l  3-923 C32 C2I4 3-793
C32 C2I3 3-970 C36 C2I3 3-987 C44 C114 3-848
C46 C l 15 3-912 C2I4 C 3I0 3-916 C3I3 C3I3 3-354
and facilitate oxidation. In the Pd" complex, on the 
other hand, the planarity of the porphyrin ligand 
prevents this from occurring. Although the Zn 11 and 
Pd" complexes are structurally similar, the chemical 
reactivity o f the former complex resembles that of N i". 
It may well be, however, that in the presence of 
hydroxide ion (the added base) Zn" becomes penta- 
coordinate, causing the porphyrin to become non- 
planar. This is consistent with previously reported 
structures of Znu-porphyrins in the presence of added 
ligands (Bobrik &  Walker, 1980; Collins &  Hoard, 
1970; Cullen &  Meyer, 1976).
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Table 4. Close contacts (< 4 -0  A )for Zn"(t'bhpp) (A)
E.i.d.'s are 0 0 1 0 -0 0 1 5 A.
C6 CJI 3-846 C7 C3I 3-602 C7 C43 3-923
C7 C2I5 3-909 C l C3I 3-913 C l C45 3 601
C9 C45 3 831 C 12 C l 14 3-192 C27 C4I 3-111
CJI C2I3 3 815 C32 C3I3 3-936 C32 C 114 3-896
C43 C II0 J-912 C46 C4I0 3-766 C l 12 C4I5 3-779
C l 1J C4I5 J858 C 2II C312 3-932 C 2II C 3II 3-993
C2I2 CJI2 JV63 C 3II C 3 II 3-837 C4I4 C4I4 3-400
Fig. 2. Packing diagram o f Pd"(t'bhppX showing the hydrogen; 
bonded sh< 
horizont
 - -  ______ .
opds are indicated with a  dotted I 
'e ln to  plane o f  paper.
Fig. 1. O RTEP  (Johnson, 1965) view of P d"(t‘bhpp) showing the- 
atomic numbering scheme; 30% probability ellipsoids. Fig. 3. Stereo view o f  packing, viewed down b, and including 
cyclohexane solvent molecules.
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Unlike its metal-free precursor and Ni1 analogue, /77eso-tetrakis(3,5-di-t-butyl-4-hydroxyphenyl)- 
porphyrinatopalladium(n) undergoes very little aerial oxidation in basified dichloromethane, owing to 
metal-enforced planarity of the porphyrin macrocycle, as shown by crystal structure determinations of the two 
complexes.
One of the principal biological functions of tetrapyrrolic 
macrocycles is to mediate electron-transfer reactions in living 
cells. Thus, rapid oxidation and reduction of chlorophyll 
reaction.centres drives the photosynthetic light reaction,13 
while reversible oxidation of iron protoporphyrin IX deter­
mines the functioning of haemoprotein redox enzymes.lb This 
ability to mediate electron transfer23 also makes tetrapyrrolic 
macrocycles of interest as novel 0 2-reduction catalysts,215 and 
organic conductors and semiconductors.20
We recently reported a new type of porphyrin oxidation,33
M = H2, Ni, Pd
(1)
OH
.Bu1Bu1
0
Bu1
OH
which has been used to model the action of the hae 
prosthetic group in cytochrome P450,3b and shows promise i 
0 2-reduction systems.30 Thus free-base porphyrin (1) under 
goes facile two-electron aerial oxidation in basified CH2C12, t 
afford the porphodimethane-like compound (2). Cyclic vol 
tammetry of (1)3° shows that its redox potential is significant! 
lowered in basified, as opposed to neutral, CH2C12, pre 
sumably by electron transfer from the phenolate substituent 
onto the macrocycle. This would involve some overla 
between the JT-systems of the substituents and the macrocycle 
which means that deformations of the macrocycle must occur 
so that the two Jt-systems can achieve a degree of coplanarity 
Metal complexation drastically affects the lability of (1) t 
air in basified CH2C12.3° Thus, V F = 0 , Mn111, Sn™, and Pd1 
complexes of (1) are hardly oxidised, whereas Fe111, Co11, Ni11 
and Zn11 complexes are fully oxidised.33’0 This is indicated b 
the visible spectral response of the basified-CH2Cl2 metallo 
porphyrin solutions to neutralisation with CF3C 0 2H .3° Thus 
the Pd11 complex, for example, shows virtually complet 
reappearance of the metalloporphyrin B band, whereas th 
Ni11 complex does not. In this communication, we presen 
evidence, based on the crystal structures of the Pd11 and Ni 
complexes of (1), which shows that the difference in chemic 
behaviour between the two complexes may depend on th
(2) Figure 1. ORTEP diagram of palladium complex of (1).
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Figure 2. ORTEP diagram of nickel complex of (1).
bility of the phenolate rt-system to interact with that of the 
orphyrin.
Molecular models indicate that such an interaction is 
peded if the porphyrin skeleton is planar, but not if it is 
ffled. The crystal structure of the Pd11 complex of (1) shows 
at the macrocycle is planarf (Figure 1). This allows little
Crystal data: C76H92N404Pd-3C6Hi2, mononclinic, space group 
fc, a = 28.004(4), b = 26.871(7), c = 21.267(2) A, p = 131.18(2), U 
12045.4 A3, Z = 4, D c = 0.189 g cm-3; R = 0.083. All atoms in the 
etalloporphyrin skeleton are coplanar, with Pd-N bond distances 
022(1) A. The porphyrin molecules are hydrogen bonded [O-H • • • 
; 0-0 separation 2.85(1) A] together in sheets with cyclohexane 
olvent) molecules between the sheets. The dihedral angle between 
e phenyl rings and the porphyrin plane is ±61.6°.
C76H92N404Ni: triclinic, space group PI, a = 14.820(2), b =  
.398(2), c = 18.822(1) A, a = 75.35(6), p = 69.74(3), y = 87.31(3)°, 
= 3894.5 A3, Z = 2, D c = 1.01 g cm-3; R = 0.068. The molecule 
ntains a square-planar Ni-N4 unit, Ni-N = 1.91 A; the porphyrin 
re is ruffled with the meso-carbon atoms alternatively displaced 
0.55 A from the mean atom plane, resulting in angles of 23.4— 35.1° 
tween adjacent pyrrole rings. The dihedral angle between the 
enyl rings and the mean porphyrin plane lie between ±63.3 and 
83.4°.
Atomic co-ordinates, bond lengths and angles, and thermal 
rameters have been deposited at the Cambridge Crystallographic 
ata Centre. See Notice to Authors, Issue No. 1.
2
N-— Pd-- — N
2
•1
-17 28
-2 9
-35
-28
N - - N i — -N,
-2 6
-33
-5 5
-3 0
-1925
(Q)
Figure 3. Deviations from mean porphyrin plane for (a) palladium and
(b) nickel complexes of (1) in units of 0.01 A. Negative quantities are 
below the mean plane, positive above.
change in the phenolate-porphyrin dihedral angle, such that 
the two Jt-systems are virtually isolated from each other. 
Consequently, no appreciable aerial oxidation of the Pd11
1790
complex is expected in basified CH2C12, as is observed.3c The 
Ni11 complex, on the other hand, contains a highly ruffled 
porphyrin macrocyclef (Figure 2). This allows a greater 
degree of rotational freedom between the porphyrin and the 
phenolate substituents4 for the Ni11 complex compared with 
the Pd11 analogue. Consequently, there will be more oppor­
tunity for overlap between the phenolate and macrocyclic 
^-systems, so that aerial oxidation of the Ni11 complex in 
basified CH2C12 is expected and observed.3c
The structural differences between the Ni11 and Pd11 
complexes are largely due to the different ionic radii of the 
metal atom .5 A planar metalloporphyrin has an ideal central 
‘hole’ of about 2.01 A ,6 so that the metal-ligand bond 
distances in the Pd11 complex [2 .022(1) A] are compatible with 
porphyrin planarity. The unusual, sheet-forming system of 
intermolecular hydrogen bonds, exhibited by the Pd11 com- 
plexf might also contribute to the imposition of planarity on 
the macrocycle.
In order to co-ordinate to the much smaller Ni11 cation, and 
form Ni-N bonds, the porphyrin macrocycle is forced to 
undergo a radial contraction that gives rise to severe ruffling of 
the macrocycle,5 compared to the Pd11 complex (Figure 3). 
The resultant tilting of adjacent pyrrole rings allows the 
variation in dihedral angle between the phenyl rings and the 
mean porphyrin lane, that we believe leads to aerial oxidation 
of the Ni11 complex in basified CH2C12.
In conclusion, we have indicated that the metal-cation- 
controlled deformation of the porphyrin macrocycle (I) will 
be an important factor determining the facility of its aerial 
oxidation. If so, then the choice of metal is crucial for the 
practical application of these complexes as, for example,
J. CHEM. SOC., CHEM. COMMUN., 19
electroactive coatings with which to modify electrodes, and 
oxygen-reduction catalysts in fuel cells.
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Abstract
The structure of the title complex has been de­
termined by single crystal X-ray diffraction methods. 
The complex crystallised in the triclinic system, 
space group P \ with unit cell dimensions a = 14.820- 
(2), b = 15.398(2), c = 18.822(1) A, a  = 75.35(6), 
= 69.74(3), 7  = 87.31(3)°, V  = 3894.5 A3, Z  = 2 . 
The geometry about the nickel is square planar and 
the Ni—N bond distances (1.91 A) are among the 
shortest so far reported for metalloporphyrin com­
plexes. In order to accommodate this ‘undersized’ 
metal ion the porphyrin core undergoes severe S4 
ruffling with angles of 23.4—35.1° between ad- 
‘acent pyrrole rings. The dihedral angles between the 
henyl rings and the mean porphyrin plane are 
etween 63.3 and 83.4°.
troduction
The chemistry of phenolic porphyrins and their 
etal complexes has in recent years attracted con­
siderable interest [1 -6 ] . Some of these compounds 
ave been synthesised as prospective sensitisers in 
the photocatalytic oxidation and reduction of water 
[4 ,5 ], and others to mimic chemical and spectros­
copic properties of various haemoproteins [1—3]. 
e have recently synthesised meso-tetrakis(3,5-di- 
-butyl-4-hydroxyphenyl)porphyrin, TBHPP-H2, and 
ave found that some of its complexes, when oxi­
dised, display chemical and spectroscopic properties 
imilar to those of peroxidase compound I [1 ,2 ]. 
hile the structures of the oxidised complexes have 
ot been established it is probable that phenoxyl 
adicals are involved and that the steric protection 
fforded by the t-butyl substituents plays a vital 
ole in stabilising such radicals. The iron(III) com- 
lex of this porphyrin in the presence of thiolate 
'gands has also been shown to mimic certain spec­
*Authors to whom correspondence should be addressed.
OH
HO OH
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troscopic characteristics of cytochrome P-450 deriv­
atives [7]. In order to assess the steric effects of the 
t-butyl substituents we have decided to investigate 
the structure of a metalloporphyrin by X-ray diffrac­
tion and in this paper we report the crystal and 
molecular structure of the nickel(II) complex, Ni— 
TBHPP.
Experimental
Preparations
The porphyrin TBHPP-H2 was synthesised and 
purified by previously reported methods [5]. The 
complex Ni—TBHPP was prepared by the addition 
of excess NiCl2-6H20  (2 g, 8.4 X 1(T3 mol) to  a 
stirred solution of TBHPP-H2 (30 mg, 2.7 X 10 -5  
mol) in A^A-dimethylformamide at 100 °C. Com­
plex formation, which was monitored spectrophoto- 
metrically (the porphyrin has Q bands [8 ] at 651, 
596, 560 and 523 nm — these disappear as a result 
of complex formation and are replaced by a single Q
020-1693/88/S3.50 © Elsevier Sequoia/Printed in Switzerland
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TABLE I. Positional Parameters and Isotropic Temperature Factors for Ni-TBHPPa
Atom X y z B (A2) Atom X y z B (A2)
Ni 0.71233(3) 0.34212(3) 0.27699(3) 2.29(1) C(35) 0.5646(3) 0.0607(3) 0.2880(2) 3.3(1
0(1) 0.1465(3) 0.6051(3) 0.4115(3) 7.0(1) C(36) 0.5847(3) 0.0410(3) 0.2164(3) 3.6(1
0(2) 0.4649(3) -0.1793(2) 0.2752(2) 6.5(1) C(37) 0.5522(3) -0.0393(3) 0.2109(3) 3.7(1
0(3) 1.2162(2) 0.0769(3) 0.3880(2) 6.2(1) C(38) 0.5754(4) -0.0607(3) 0.1312(3) 4.8(1
0(4) 1.0533(3) 0.8673(2) 0.0440(2) 7.4(1) C(39) 0.4829(5) -0.0740(4) 0.1142(3) 6.4(2
N(l) 0.6763(2) 0.4649(2) 0.2606(2) 2.95(8) C(40) 0.6376(6) 0.0151(5) 0.0640(3) 7.1(2
N(2) 0.5831(2) 0.3024(2) 0.3001(2) 2.84(8) C(41) 0.6326(5) -0.1471(4) 0.1282(4) 6.8(2
N(3) 0.7492(2) 0.2200(2) 0.2920(2) 2.47(7) C(42) 0.4991(4) -0.0991(3) 0.2808(3) 4.4(1
N(4) 0.8420(2) 0.3810(2) 0.2560(2) 2.53(7) C(43) 0.4786(4) -0.0824(3) 0.3543(3) 4.8(1
C(l) 0.7359(3) 0.5409(3) 0.2235(3) 3.2(1) C(44) 0.4231(5) -0.1512(4) 0.4320(3) 6.5(2
C(2) 0.6807(3) 0.6192(3) 0.2199(3) 4.5(1) C(45) 0.3206(6) -0.1696(5) 0.4373(5) 9.1(2
C(3) 0.5882(3) 0.5920(3) 0.2594(3) 4.6(1) C(46) 0.4178(7) -0.1192(5) 0.5008(4) 10.7(2
C(4) 0.5846(3) 0.4957(3) 0.2825(3) 3.4(1) C(47) 0.4754(7) -0.2371(5) 0.4388(5) 9.9(2
C(5) 0.5012(3) 0.4426(3) 0.3146(3) 3.4(1) C(48) 0.5130(4) -0.0009(3) 0.3549(3) 4.3(1
C(6) 0.5013(3) 0.3515(3) 0.3195(3) 3.4(1) C(49) 0.9886(3) 0.1933(3) 0.3244(2) 3.1(1
C(7) 0.4180(3) 0.2977(3) 0.3344(3) 4.9(1) C(50) 0.9975(3) 0.1959(3) 0.3943(3) 3.4(1
C(8) 0.4476(3) 0.2178(3) 0.3206(3) 5.1(1) C(51) 1.0727(3) 0.1585(3) 0.4173(3) 3.6(1
C(9) 0.5499(3) 0.2195(3) 0.3009(3) 3.4(1) C(52) 1.0790(4) 0.1641(4) 0.4962(3) 4.4(1
C(10) 0.6059(3) 0.1467(3) 0.2911(2) 3.0(1) C(53) 1.1727(5) 0.2139(5) 0.4821(4) 7.0(2
C(ll) 0.6987(3) 0.1464(3) 0.2926(2) 2.74(9) C(54) 0.9983(4) 0.2161(5) 0.5387(3) 6.3(2
C(12) 0.7506(3) 0.0669(3) 0.3055(3) 3.7(1) C(55) 1.0707(5) 0.0702(5) 0.5510(3) 7.2(2
C( 13) 0.8301(3) 0.0904(3) 0.3164(3) 3.7(1) C(56) 1.1413(3) 0.1166(3) 0.3661(3) 3.9(1
C(14) 0.8313(3) 0.1858(3) 0.3060(2) 2.74(9) C(57) 1.1373(3) 0.1139(3) 0.2925(3) 3.8(1
C( 15) 0.9071(3) 0.2366(3) 0.3026(2) 2.77(9) C(58) 1.2142(3) 0.0698(4) 0.2358(3) 5.1(1
C(16) 0.9129(3) 0.3299(3) 0.2743(2) 2.74(9) C(59) 1.1968(5) 0.0821(4) 0.1598(4) 6.6(2
C(17) 0.9987(3) 0.3835(3) 0.2516(3) 3.7(1) C(60) 1.2124(5) -0.0318(4) 0.2712(4) 7.3(2
C(18) 0.9812(3) 0.4662(3) 0.2172(3) 3.7(1) C(61) 1.3146(4) 0.1110(5) 0.2174(4) 8.0(2
C(19) 0.8830(3) 0.4659(3). 0.2209(2) 2.75(9) C(62) 1.0591(3) 0.1524(3) 0.2736(3) 3.5(1
C(20) 0.8355(3) 0.5425(3) 0.2004(2) 2.85(9) C(63) 0.8927(3) 0.6292(3) 0.1585(2) 3.1(1
C(21) 0.4061(3) 0.4860(3) 0.3395(3) 3.6(1) C(64) 0.9586(4) 0.6383(3) 0.0850(3) 3.9(1
C(22) 0.3545(3) 0.4721(3) 0.4182(3) 3.9(1) C(65) 1.0151(4) 0.7176(3) 0.0438(3) 4.6(1
C(23) 0.2665(3) 0.5118(3) 0.4451(3) 4.1(1) C(66) 1.0869(5) 0.7269(4) -0.0394(3) 7.5(2
C(24) 0.2135(4) 0.4978(4) 0.5335(3) 5.6(2) C(67) 1.0922(7) 0.6390(5) -0.0630(4) 9.5(2
C(25) 0.2669(6) 0.4398(6) 0.5809(4) 9.1(3) C(68) 1.0555(9) 0.7962(6) -0.0970(4) 13.4(4
C(26) 0.1126(5) 0.4528(5) 0.5574(5) 8.9(2) C(69) 1.1841(7) 0.7558(7) -0.0495(6) 15.2(3
C(27) 0.2039(6) 0.5885(5) 0.5551(4) 8.4(2) C(70) 1.0003(4) 0.7867(3) 0.0819(3) 4.5(1
C(28) 0.2338(3) 0.5643(3) 0.3880(3) 4.2(1) C(71) 0.9350(3) 0.7800(3) 0.1565(3) 3.5(1
C(29) 0.2838(3) 0.5803(3) 0.3077(3) 4.1(1) C(72) 0.9205(4) 0.8568(3) 0.1977(3) 4.5(1
C(30) 0.2467(4) 0.6402(4) 0.2473(3) 5.2(1) C(73) 1.0128(5) -- 0.8755(4) 0.2105(4) 7.4(2
C(31) 0.3163(6) 0.6491(6) 0.1647(4) 8.9(2) C(74) 0.8885(5) 0.9402(4) 0.1498(4) 7.0(2
C(32) 0.2370(5) 0.7362(5) 0.2576(4) 7.1(2) C(75) 0.8431(5) 0.8324(3) 0.2778(3) 6.0(2
C(33) 0.1515(5) 0.6048(5) 0.2509(4) 8.5(2) C(76) 0.8827(3) 0.6989(3) 0.1939(2) 3.2(1
C(34) 0.3704(3) 0.5383(3) 0.2854(3) 3.7(1)
ae.s.d.s given in parentheses.
band [8] at 531 nm) was complete after ~  10 min 
at this temperature. The reaction solution was parti­
tioned between water and chloroform (1:1, 200 
cm3), the chloroform phase then washed several 
times with water, dried over anhydrous sodium 
sulphate and evaporated to dryness under reduced 
pressure. The solid residue (~ 28  mg) was charac­
terised as pure Ni—TBHPP by microanalysis and
NMR spectroscopy.
Found: C, 77.0; H, 7.6; N, 4.5. Calc, for Ni(C76- 
H92N4O4): C, 77.1; H, 7.9; N, 4.7%. ‘H NMR spec­
trum in CDCI3 solution: 5 = 8 .8 1  (8 j3-pyrrole H),
7.81 (8 phenyl H), 5.45 (4 phenolic H), 1.56 (72 
t-butyl H) ppm relative to TMS. Suitable crystals 
of the complex in the form of violet rectangular 
plates were obtained from a concentrated dichloro- 
methane solution of Ni-TBHPP over which cyclo- 
hexane was carefully layered.
Crystal Data
C76H92N404Ni, M =  1184.32, triclinic, a = 
14.820(2), b = 15.398(2), c= 18.822(1) A, a = 
75.35(6), (3 = 69.74(3), 7 = 87.31(3)°, V =  3894.5 
A3 (by least-squares refinement on diffractometer
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Fig. 1. Structure of TBHPP-Ni showing the numbering 
scheme used.
for 25 automatically centred reflections), Z  = 2 ,D C = 
1.01 g cm-3 , A(Mo Ka) = 0.7069 A), F(000) = 1272, 
space group PI (No. 2). Violet rectangular plates 
0.88 X 0.75 X 0.18 mm, p(Mo Ka) = 2.9 cm-1 .
TABLE II. Selected Average Interatomica Distances (A) and 
Angles (°) for Ni-TBHPP
Ni-N 1.913(3) Co-Cph 1.394(5)
N—Ca 1.379(4) Cph-0 1.389(4)
Ca-Cp 1.429(5) c0-ct 1.535(6)
Cp-Cp 1.340(5) ct-cMe 1.519(7)
Qns 1.382(5) Ni-Ca 2.961(6)
Cms-Cp 1.497(4) Ni-Cms 3.367(9)
Cp—Qn 1.377(5) N-N' 2.706(6)
Cm -Co 1.390(5) N-N" 3.826(8)
N-Ni-N' 90.0(1) Ca—Mm s—Cp 119.2(6)
N-Ni-N" 179.1(1) Cms-Cp—Cm 120.3(3)
Ni—N —Ca 127.4(2) Cp—cm —CD 121.3(3)
Ca—N-Ca 105.2(3) C m -Co-Cph 116.5(3)
N-Co,-Cj3 110.1(3) C0-Cph-0 118.2(3)
N—Cq,—Cms 125.3(3) c m — C 0 — C t 120.6(4)
~a —Cp—Cp 107.3(3) Cph-Co—Ct 122.9(3)
Cm s_1Ca 121.3(3) C0—Cj—C^ je 111.0(4)
Cp—Ca —Cms 124.3(3) Cme—C t —1Cftie 107.9(5)
aC^ = carbons adjacent to nitrogen atoms in pyrrole rings; 
Cp = carbons remote from nitrogen atoms in pyrrole rings; 
Cms = meso carbons; Cp^ = carbons attached to phenolic 
OH groups; CQ) Cm , Cp = carbons ortho, meta and para to 
CphJ Ct = tertiary carbons in Bu* groups; C^e = methyl 
carbons in Bu* groups; N,N’ = adjacent nitrogens; N,N" = 
opposite nitrogens.
Data Collection and Processing
An Enraf Nonius CAD-4 diffractometer in co—20 
zigzag scan mode was used with graphite mono- 
chromated M oK a radiation; 12 725 reflections were 
measured (1 <  0 >  24°, +h, ±k, ±1) giving 8919 
unique observed reflections 7>3a(Z), after averaging 
and correcting for absorption (transmission 83.9— 
99.8%). Linear and approximately isotropic crystal 
decay ca. 2% was corrected for during processing.
Structure Analysis and Refinement
Using direct methods (MULTAN) 52 non­
hydrogen atoms including most of the porphyrin 
core and fragments of the phenyl rings were found 
in the E-map. Full-matrix least-squares refinement 
and Fourier maps revealed the remainder of the 
non-hydrogen atoms. Positional and anisotropic 
thermal parameters were refined for non-hydrogen 
atoms with hydrogen atoms (not hydroxyl) calcu­
lated (0.97 A) but not refined. R = 0.068, R w = 
0.103. A statistical weighting scheme, w = 4F 02/ 
(p i2 + p F 2)2 which allows for counting statistics, 
the Lp factor and an experimental instability factor 
p (=0.07) to downweight intense reflections was 
used. A better weighting scheme could not be deter­
mined, the large data set making multiple calculations 
impractical. All calculations were performed with 
the SDP package of crystallographic programs [9] 
on a DEC PDP 11/73 computer; atomic scattering 
factors are as supplied w ith the program.
Results and Discussion
Description o f the Structure
The structure of the complex illustrating the 
numbering scheme adopted is shown in the Fig. 1. 
Fractional atomic coordinates are listed in Table I 
with selected bond lengths and bond angles given 
in Table II.
X-ray analysis shows that the geometry about 
the nickel is essentially square planar with N—Ni—N 
bond angles all very close (within 0.7°) to 90° and 
with equal (within 3a) Ni—N bond distances (1.913 
± 0.008 A). Chemically equivalent bond distances 
and angles in the ligand are virtually identical. An 
interesting aspect o f the structure is the marked 
non-planarity of the porphyrin core, which undergoes 
severe S4 ruffling such that the angles between 
adjacent pyrrole rings lie between 23.4 and 35.1°. 
The methine carbon atoms are alternately displaced 
by ±0.54 A from the least-squares plane defined by 
the Nj_4 and C 1- C 20 atoms. The phenyl rings lie at 
angles 75.1, 83.4, 77.9 and 63.3° to this plane. Some 
of these structural aspects are evident from the 
stereoview of the complex in Fig. 2.
The compatibility between hole size and metal 
ion radius for macrocyclic ligands [10], and more 
specifically for porphyrins [11], has been discussed. 
Most so-called planar porphyrins have angles of
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Fig. 2. Stereoview of TBHPP-Ni showing puckering of the porphyrin core and orientation of the phenyl rings.
TABLE III. Metal-Nitrogen Bond Distances and Angles Between Adjacent Pyrrole Rings in some Nickel(II) and other Metallo- 
porphyrins
Complex M-N (A) Angles between adjacent pyrrole rings (°) Reference
Ni-TBHPPa 1.913(8) 23.4-35.1 this work
Ni-OEPb (tetragonal) 1.929(3) 32.8 14
(triclinic) . 1.958(2) 2.1 15
Ni-DEUTC 1.960(14) 1.9-5.2 16
Ni-TMPd 1.953(14) 6.3 17
Mn-TPPe 2.082-2.092 8.1f 18
Fe—TPP 1.972(4) 18.0f 19
Co—TPP 1.949(3) 19.0f 18
Ni—TPP 1.928(3) - 18
Cu—TPP 1.981(7) 26.8 12
Zn—TPP 2.037(15) 6.5 20
Ag-TPP 2.092(3) 7.5 20
Pd—TPP 2.009(9) 25.2 12
aTBHPP = tctrakis(3,5-di-tert-butyl-4-hydroxyphenyl)porphyrin. bOEP = octaethylporphyrin. CDEUT = 2,4-diacetyl- 
deuteroporphyrin IX dimethyl ester. dTMP = 5,10,15,20-tetramethylporphyrin. eTPP = tetraphenylporphyrin. Calcu­
lated from atomic coordinates withdrawn from the Cambridge Data Base.
2—5° between adjacent pyrrole rings with atom dis­
placements from the mean plane of ~0.02 A. A 
planar metalloporphyrin is estimated to have a hole 
radius of 2.01 A and it has been postulated that in 
order to retain planarity this radius should not be 
less than 1.96 A. Consequently smaller hole radii 
give rise to non-planar porphyrins. On the other 
hand Ni—N bond lengths in square planar complexes 
containing imine type ligands are generally ca. 1.85 
A [10], and so the porphyrin core must contract if 
it is to accommodate this undersized metal ion. The 
rigidity of the porphyrin system however permits 
only partial radial contraction and results in a Ni—N 
bond length of 1.91 A, the shortest so far reported 
for nickel(II)—porphyrin complexes. This bond 
distance, although shorter than that necessary for 
porphyrin planarity is longer than Ni—N bond dis­
tances in square planar complexes containing mono- 
dentate ligands. As has been previously pointed out 
for metallo—tetraphenylporphyrin (M—TPP) deriv­
atives crystal packing may also contribute somewhat 
to puckering of the porphyrin core [12,13]. Ni—N
bond distances for a number of nickel(II) and other 
metalloporphyrin complexes are listed in Table III.
The dihedral angles between the phenyl rings and 
the mean porphyrin plane in Ni—TBHPP lie in the 
range 63.3—83.4°. These angles are similar to those 
in TPP derivatives and the deviation from 90° has 
been attributed to minor conjugation between rings 
through the Cp—Cms bonds [11], The closest contact 
between nickel atoms (i.e. x , y , z  and 1 — x,  1 — y,  1 
— z) in symmetry related molecules is 10.7 A and this 
compares with intermetal distances of ~ 8  A which 
are typical of M—TPP complexes (e.g. 8.3 A in 
Cu—TPP*) [12]. The increased separation in the 
present case is undoubtedly due to the steric demands 
of the t-butyl substituents. These steric effects 
would also result in poorer crystal packing and would 
account for the lower unit cell density (1.01 g cm-3 ) 
compared to those of M—TPP complexes (1.29—1.48 
g cm-3 ; M = Fe11, Co11, Cu11, Zn , Pd11) [12, 18—
*This value was calculated from the unit cell dimensions 
given in Table I, ref. 12.
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20]. Molecular modelling shows that theses substitu­
ents also sterically protect the phenolic groups and 
indeed would stabilise phenoxy radicals that might 
result from oxidation of the porphyrin ligand. Such 
stabilisation against ‘self reactions’ has previously 
Jjeen reported in the case of the 2,4,6-tri-t-butyl- 
phenoxy radical [21].
Supplementary Material
A complete list of bond distances, angles, thermal 
parameters, least-square planes and structure factors 
can be obtained from the authors.
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